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W02: Basic Concepts

Distributed Computing Systems
> Design Concepts

> References

Distributed Systems: Principles and Paradigms,
Andrew S. Tanenbaum and Maarten van Steen, Prentice-Hall.
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Programiminglanguage;

1 S/ynt/ax/

2. Semantics
3. Data Types

4. Variables
Binding

Abstraction & Control Tool

Type Checking

Referencing Environment
(Scoping) :

. Subprogramming
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Iﬁside the_"’r:CPU: Generic

Addresq
A Clock Ticks
CPU _Firrra Clock
\ 4
Primary
Memory
Data Execu'tlon
' > Unit
R15
MOVE P TO X 100 .
BRANCHT0200_| () Register Set
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1900
1800 MOVESSTO
1700
1600 LBRANCHTO 1200 AjdresJ
< { PC _
1500 CALL 1600 yy Clock Ticks
1400 CPU _rFirar e Clock
1300 | _MOVER TQ v
1200
1100 LBRANCH TO 1200
1000 CALL 1100
900 .
' MvoveQTo Data Execution
700 Unit
600 h #
500 JmBRANCE TOX00 0
400 CALL 500
Ay MOVEPTO R15
200 .
100 [ peancu o0 Reglster Set
0
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Mddular_izétion ¢

- At the start of pass one of the process,
the instruction location counter is set to 0.

> This assumes that the object module will be located at (virtual) address 0 during
execution

Object module A
0

40(
300 CALLB
Source Object >
Procedure A Module A 200| MOVEPTO X
100
g o RANCH TO 200 Obicct dule C
ource o Object 0 ject module
Procedurc B B Tanslaor B ogue 500
400
CALL D
Source Object 300
Procedure C Module C
200| MOVER TO X
100
(O\\PRANCH TO 200
August 16, 2004 @ H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 7
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Linker & Loader

- The linker’s function

> To collects modules translated separately and glue them together to run as a unit
called an executable binary program
Object module A
400

300 CALLB

200 MOVEPTO X
SOU rce 1100 | BRANCH TO1300
100
Procedure A 1000 CALL 1100
BRANCH TO 200 900
8001 MovEQTo
700
Source Object Linker & o
—» Translator —»| —> » L Tos
Procedure B Module B Loader 500 (~BRANCHIO K004
S0 A00 CALL 500
Source 0D 301 MovEPTO
Procedure C 300 200
100 BRANCHTQ S |
200| MOVERTO X

100

BRANCH TO 200

0

Object module C
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L;'Hking & -[oading: Tasks

- To run the program,
> The loader brings the object modules into main memory
to form the image of the executable binary program

o If there is not enough memory to form the image, a disk file can be
used

= The objective is to

o make an exact image of the executable program’s virtual address
space inside the linker

o position all the object modules at their correct locations

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 9
"'\..\_H \"f
e ; \\
— —
1900
z . Object module C
18001 MOVESSTO Object module D 00 )
Object 300
1700 Module D ®rrecer.....
oduie 500 | MOVES TO X 400 CALLD
1600 | BRANCH TO 200 100 300
[ BRANCH T0 200 200| MOVERTO X
1500 LLD
100
1400
Object J—
1300 | MOVERTO Module ¢ ¥ o] ERANCHTROR00
1200
1100 | BRANCH TO 200 .
Object module B
. 1000 CALL C 600
Although the program is o
H H Object o
loaded into the image of the  s0[ oo Ve CALLC
executable binary file, it is not % o bject module A4
yet ready for execution 500 |-BRANCH TO 300 300|__CALLB 300 | MOVE QTOX
. 400
Relocation Problem e ol oron] ™
Object
P : 300 ’ e 4 100
Symbolic Resolution MOVEPTO Module 4 160
200 [BRANCH TO 200| o | BRANCHTO300]
100 ) BRANCHTQ 200
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Linkers can be used to solve both

> relocation and symbolic resolution problems

The linker merges the separate address spaces of the object modules
into a single linear address space in the following steps:

1. constructs a table of all the object modules and their lengths
2. Based on this table, it assigns a starting address to each object module

3. finds all the instructions that reference memory (relocation problem)
a. adds to each a relocation constant equal to the starting address of its module

4. finds all the instructions that reference other modules (resolution problem)
a. inserts the address of these procedures in place.

Module Length Starting Address
A 400 100
B 600 500
@ 500 1100
D 300 1600
August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UNO 1
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1900
1800 [ v ovEe 10 1900
Object 18001 MOVESSTOX
1700 Module D Object
1700 Module D
1600 LBRANCH TO 200
1600 LBRANCHTO 1200
1500 CALLD
1500 CAIL 1600
1400 .
Object
1300 |_MOVER TO Module C 1400 Object
1300 MOVERTO Module C
1200
1200
1100 LBRANCH TQ 200 .
3 1100 LBRANCH TQ 1300
1000 CALL C s oo
900 1000 CALL 1100
Object 000
800 . .
MOVEQTQ Module B Object
700 80T MovEQTO Module B
600 700
500 LBRANCHT0 300 600
500 LmBRANCH TQ 800
400 CAILB
Object 400 CALL 500
300 - Module A Object
MOVEPTO 300 Module A
MOVEPTOX
200
200
100 |_BRANCHTQ 200
0 100 | BRANCH TQ 300
0
Address space of the program after the linker has
performed 1- 4 steps.
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Adofréss,__Vélue and Type

- Memory l

- Address
1(
(

> the address of the memory at which the variable is associated

- Value

00

> the contents of the location with which the variable is associated -

- Type
> determines the fagvidinitoey
= range of values of variables and
= the set of operations that are defined for values of that type;

= in the case of floating point, type also determines the precision

August 16, 2004 @ H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 13
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IE%i‘zmrag«_e Bindings L

Two issues
» Allocation
= getting a cell from some pool of available cells
» De-allocation
= putting a cell back into the pool

The lifetime of a variable
» Categories
= Static: Objects with absolute address throughout the program’s execution
= Stack: Subprograms calls and returns
= Heap: Allocation and de allocation at arbitrary times
o Explicit heap-dynamic
o Implicit heap-dynamic

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 14
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Type Declaration & Checking

=

-

Declaration

> Explicit declaration

a program statement used for declaring the types of variables

> Implicit declaration
a default mechanism for specifying types of variables
o the first appearance of the variable in the program
Checking
> Static checking is done at compile time.

> Dynamic checking is done at runtime

August 16, 2004 @ H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 15
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Re“f'e‘ren_ciﬁg Environment (Scoping)

~

- The referencing environment of a statement is
the collection of all names that are visible in the statement

> In a static scoped language
= local variables and all visible variables in all of the enclosing scopes

> In a dynamic scoped language
= local variables and all visible variables in all active subprograms

o A subprogram is active if its execution has begun but has not yet
terminated

Scope and lifetime
» sometimes closely related, but are different concepts!

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 16
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xbynamic Séope

Based on calling sequences of program units, not their textual layout
temporal versus spatial

References to variables are connected to declaration by searching back
through the chain of subprogram calls that forced execution to this point

Advantage: convenience

Disadvantage: poor readability

A
B
e c
I_ D
D B
| E
E A
August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO -
h-"““-x,\‘ 3 Y4
. / .
Static vs. Dynamic Scope
Example:
___MAIN MAIN calls SUB1
- declaration of x
SUB1 SUBI1 calls SUB2
- larati f
mdec aration of x SUB2 uses x
call SUB2
Static scoping —
;Sl_'f?z reference to x is to MAIN's x
[ - reference to x
Dynamic scoping —
reference to x is to SUB1's x
~call SUB1

August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO
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Fuh“dam_el4ta/s of Subprograms

- Transfer of control mechanism
= caller is suspended
o the control is transferred to the subprogram
= The subprogram terminates

o the control returns to the caller

- Parameter Passing

August 16, 2004 @ H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 19

k:\ 7/ T g /
Transfer of @é)ntrol Mechanism [Tl %
r . _ - Clock Ticks
P — — : Clock
- Semantic of the Call |:'
> Save the execution configuration of the current e S
program unit — & Unit
» Carry out the parameter passing process
» Pass the needed information (return address, = Py

..) to the callee
» Transfer control to the callee

Caller

- Semantic of the Return
» Configuration of the caller is re-established
» Parameters are moved, copied, etc.
= according to the method of passing
= If stack dynamic some cleaning is needed
> Control is transferred back to the caller

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 20
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| Conventional/Procedure Call:
Memory'AI/ocatio'n

o

Static allocated Activation Record |

2

[

Local variables ) R

Parameters B /

Return address ) /
)

Local variables ‘ %

Parameters ﬁ A

Assume MAIN calls A and B Return address )

MAIN

R A
B

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 21

“Conventional Procedure Call : -
Memory A/Io_Cation -

-

- Stack-dynamic allocated
» The activation record format is static

Local variables

but its size may be dynamic

Parameters
> The static link points to the bottom of the activation Dynamic link
record instance of an activation of the static parent Static Link

(used for access to non-local variables)

Return Address

> The dynamic link points to the instance of the activation record

ivation record of th ller
activation record of the calle Static link - where is declared

Dynamic link - Top of AR of caller

> An activation record instance (AR) is dynamically
created when a subprogram is called

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 22
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' 1 - ‘
H i N i Dynamic link > ARC
i, ! begin { C } P (
P ae Smmmmmmsmmmmosmmmdboobo-3 > Static link |
LR b Retum adres )
| begin { A} -
o = v |
i ' X ‘
D end; 4 A > AR A
' : procedure B( R: real); j: Stgck Depth Dynamic link ( L / iabl
V! wvar ST : integer; P n BT Bocavarables
! —_— Lo Static link T
P begin { B } P - Il
3 | <——————————————————}———}———1‘_ Return address J. i . Parameters
[ B(8); P - o« T
o Lo ! \
P end; { B} _____________ b s & A
! begin { MAIN_1 } ‘
. B(P); ' R #« N
\ end. { MAIN 1 } ' — — / ARB
e e ! Dynamic link |
Notethat: mMarn_1 calls B Static link \

B calls a

a calls ¢ Return address )

MAIN 1
August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 23
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Parameter Passing

Callee:

- Caller:

int Ag (int i, real a) ...
o i, a: formal parameters
Ag (1, x)

o 1, x: actual parameters

During the execution

o each formal parameter is “somehow” connected to the

corresponding actual parameter

= parameter passing method (or mode) determines the

nature of this connection

August 16, 2004
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Caller S _' F Callee
(sub (a, b, c)) 3 1 (procedure sub (x, y, z))

— ,,E/t_\j
y

Call

Return

Pass by value

Pass by reference

Pass by result
Pass by value result
Pass by name
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MU/tiprocg(ésor Systems

Definition:
A computer system in which two or more CPUs share full access to a common RAM
Continuous need for faster computers

> shared memory model
> message passing multiprocessor
> wide area distributed system

Local
cPU memory ~ Complete system

M| [M] [m] [m
C cc

'
Shared M| Inter- V]
mamory m connect m
2 EEE  CMEN EM
(a) (b) (c)

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO
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MUItiprocQ/ssor

Private memory —- Shared

Shared memory l ‘ memory
CPU CPU M CPU CPU M CPU CPU M
I | N o ) | ]
l ‘ | Cache | |
Bus
(a) (b) (c)
Bus-based multiprocessors il

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 28
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A;Illltiproce/ssor

o

000 p—¢ p—F

Memories
(=] — (=] -— (=]
(=] i=3 — — (=]
(=] o (=] o —

101
II‘IOl
111

bl

%)
—9—0

001 4 B—~ B—
010 € p—¢ p—¢ @
011 ——H—o—H—H—d—9
3
& | 100 —a—s—h—a—a—s—a—0
[} |
101 } a o) :'\ o) '/h(\ :)
: 1/
| 110 —9—4 S————@
111 Iy g //\ & Iy : .. \)
L
Closed
crosspoint ?(gz:point
switch switch
(a)

Crosspoint
switch is open

Crosspoint
switch is closed

- Multiprocessor using a crossbar switch |

August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 29
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Multlproce/ssor
- multiprocessors using multistage switching networks can be built from
2x2 switches
A— — X ==
Module | Address | Opcode Value |
B — -—Y +———— e
(a) (b)
2x2 switch Message format
August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 30




Multiprocessor
Node ;) . Node 1
CPU Memory CPU Memory

Interconnection network

(a)

Bits 8 18 3]
| Node Block | Offset

(b)

(a) 256-node directory based multiprocessor
(b) Fields of 32-bit memory address

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO
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MUItiprocéésor

Multiprocessor Characteristics
1. Single address space visible to all CPUs
2. Access to remote memory via commands
- LOAD
- STORE
3. Access to remote memory slower than to local

August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO
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Multiproc_e’ésor OS Types

CPU1 CPU2 CPU3 CPU 4 Memory l{®]
Has Has Has Has _Q;.EL tha
private private private private 3 4
0os 0os 0os os Data | Data
OS code

AN

Bus
| Each CPU has its own operating system ||

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 33
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Multiprocessor OS (con)

CPU 1 CPU 2 CPU3 CPU 4 Memory l[e]
Master Slave Slave Slave User

runs runs user runs user runs user processes

0s processes proc pro oS

_|

\ Bus

Master-Slave multiprocessors il

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 34
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Mult/proce/ssor OS (cont)
CPUA1 CPU 2 CPU3 CPU4 Memory 110
Runs Runs Runs Runs
users and users and users and users and
shared OS| [shared OS| |shared OS shared OS oS O
\
\ Locks
Bus
- Symmetric Multiprocessors
> SMP multiprocessor model
August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 35
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Distributed'Shared Memory Systems
- Shared global address space
o[1]2]3]a[5][8]7]8]s[10[11]12[13[1a]15]
a) Pages of address space J P ‘ ’ - " 7 '." ' '
Rt rs Ak
B =claongjfour o215 Bref BT [
machines am 12| 14] e Memory
b) Situation after CPU 1
references page 10 CFI'UI s CFI'U 2 CT"
G) Situation if page 10 is read only (a)
and replication is used pealnenoaalEsE
8] (12]14]
CPU1 CcPU2 CPU3 CPU4
I | | I
(]
(o2 s) [l=0s] |al7]a]) [2f1s
Slo| (G| [l
cPU1 cPU2 CPU3 CPU 4
I | |
e
August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UNO 36
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A;IUItiproce/ésor Scheduling

e

6-CPU partition ——

«—4-CPU partition

/ ™~ 12-CPU partition

Unassigned CPU

Space sharing

> multiple threads at same time across multiple CPUs

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 37
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Multiproce(ssor Scheduling
| Thread A, running
—=5—y
CPUO Ao Bo Ao By Ao
{\Request 1 | Qauest 2 | : !
| : eply 1 : Raply2 : :
crut| 8 | A | 8 [ A [ B8 |
Time 0 100 200 300 400 500 600

Problem with communication between two threads

> both belong to process A
» both running out of phase

August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO
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M&Itiproces/éor Synchronization

CPU 1 oore Memory CPU 2
initially 0
I L A -~ A I

l 1.CPU1readsa0 ) JI_ \2. CPU 2reads a0 J|

3.CPU 1 writes a 1 4. CPU 2 writes a 1

Bus
TSL instruction can fail if bus already locked
August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 39
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Multicompute

) oooo

=, 0

=, 0

=, 0

=, 0
0o ooao

(a) (b) C]

I
1l o
o
| o

X

o oo

Interconnection topologies
(a) single switch (d) double torus

(b) ring (e) cube
(c) grid

(f) hypercube

August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO
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System Description Main Goal
Dos Tightly-coupled operating system for multi-processors Hide and manage hardware
(Distributed Operating Systems) | and homogeneous multicomputers resources
NOs Loosely-coupled operating system for heterogeneous Offer local services to
(Network Operating Systems) multicomputers (LAN and WAN) remote clients
Middleware Additional Iay_er atop of NOS implementing general- Provide distribution
purpose services transparency
August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 41
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Multicompbter Operating Systems"

Machine A Machine B Machine C

Distributed applications

Distributed operating system services

Kernel Kernel Kernel

Network

| - General structure of a multicomputer operating system ||

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 42
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Network Operating System

Machine A Machine B Machine C

Distributed applications

Network OS Network OS Network OS
services services services
Kernel Kernel Kernel
Network
| - General structure of a network operating system. ||
August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 43
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Middlewa_fe—based Distributed Sys"tems

Machine A Machine B Machine C
[ [

Distributed applications

Middleware services

Metwork OS Metwork OS MNetwork OS
services services services
Kernel ‘ ‘ Kernel ‘ ‘ Kernel
Metwork
General structure of a distributed system as middleware. il

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 44
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Transparency in a Distributed System
.\"-:\
-~
Transparency Description
Access Hide differences in data representation and how a resource is accessed
Location Hide where a resource is located
Migration Hide that a resource may move to another location
Relocation Hide that a resource may be moved to another location while in use
Replication Hide that a resource may be shared by several users
Concurrency Hide that a resource may be shared by several users
Failure Hide the failure and recovery of a resource
Persistence Hide whether a (software) resource is in memory or on disk
|I Different forms of transparency in a distributed system. ll
August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 45
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Machine 1 Machine 2 Machine 1 Machine 2 Machine 1 Machine 2
Run-time Run-time Run-time Run-time Run-time Run-time
system system system system system system
A
Operating Cperating Operating Cperating Operating Operating
system system system system system system
A
Hardware Hardware Hardware Hardware Hardware Hardware
Shared memory Shared memary Shared memory
(a) (12]] [}
- Note layers where it can be implemented
> hardware
> operating system
> user-level software
August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 46
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Multicomputer
Node 1 ~ Node 2
Main RAM Main RAM
User{ D\I' D‘—"ﬁ [—-El A
os{[_ 40/ S 5
Switch
Main RAM| Main RAM

n \ .
Optional f
on- board
CPU Interface
Interface board

board
RAM

Node 3 Node 4

Network interface boards in a multicomputer

August 16, 2004 ©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO
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Name Spaces

Linking and Mounting

Data stored in n1

n2: "elke"
n3: "max"
n4: "steen” @ "Ikeys"

2 (n3 4
Leaf node Q @ @
Directory node D

A general naming graph with a single root node.

The concept of a symbolic link explained in a naming graph.

August 16, 2004 © H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO




P 48 %
G ; A
Linking aréf Mounting -.

(M0 »home’
In0 —wvu
.. oxford
NS P Y NS2
(TTTmTmmm oo o 1 e :
o] o [me e
home /'/ A\ keys i i / /i\\ mbox i
PGS N
'{_J i (L [\_.} 'i\_). “m0:/mbox"
elke /max ", steen i i !
r i 4 P mmmmmemmesmoeoeee
) O \_'_[ |
twmre K./mt&:x keys |
{/ :} ( ] t’:l \: "n0:/home/steen/keys"

Organization of the DEC Global Name Service il

August 16, 2004

©H.H. Ghenniwa, Cooperative Distributed Systems Engineering, ECE, UWO 49

= 48 Y
Name .Spgce Distribution |
|I ————
Global | ; —_
aver III N c‘.jm"A.edL.i netA » ';us.. ; nl
.: : 'E.s:un ) i.,s;'ale p iece .ac y ‘ co E.oce y ‘1 vu
L)L) S )
Adrmini- ,l yeng yesigeng keioy  w nec ¥.cs
stratlional 4 [ ] | ] | L | T
ayer . T ) ; :
1 aip  ylinda °S| Y ‘ 4 |°5| : |ﬂp5'| 1mw
! pc2 Y S = S
f ¥ robot T | 'p'ub| 'V'|
Mana- I.-l | . : globT‘ir
%s;l.:: .I Zone ' index.txt ¥

An example partitioning of the DNS name space, including Internet-accessible files, into three layers.

August 16, 2004
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1. <nlvu,cs ftp>

Im}iiémenta%ion of Name Resolution

— » Root
T2, #enl>, <vu,cs,ftp= name server |:| |
Y n
3. <vu.cs.ftp> »  MName server u :
Client's 4 H#avu=, <cs fip= nl node
name S
resolver |9 <cs.ftp> p| Name server
- Yu hode .
6. #=co <ﬂp>
7. < =
T p  Name server A4
“B #i=ttp> cs node ‘
VAR
<nl,vu,cs.ftp> T ¢#<nl,vu,cs,ﬂp> Nodesare - o
managed by ( )

the same server

|- The principle of iterative name resolution. ||

August 16, 2004
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1. <nlvu,cs ftp>

In";bl"ementa{ion of Name Resolution

A
<nl,vu,cs,ftp= i #<nl,vu,cs,ftp>

= Root
8. #<nlvuosftp> I name server '“-»\‘2_ <vu,cs fip>
( )
7. #<vu,cs.fip Name server (&
N nl node M. o
Client's Py .\|3_ <cs,ftp
name |" J
resolver 6. #<csfip>_| Nameserver
vu node — -
e .\4_ <ftp
( )
5 #«ﬂp:,\,__ Name server &~
cs node

The principle of recursive name resolution.

August 16, 2004
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Imbl'ementa’?ion of Name Resolution

.

S
.

Server for Passes to Receives and | Returns to
Should resolve Looks up N
node child caches requester
eng <ftp> #<ftp> - - #<ftp>
uwo <eng,ftp> #<eng> <ftp> #<ftp> #<eng>
#<eng, ftp>
ca <uwo,eng,ftp> #<uwo> <eng,ftp> #<eng> #<uwo>
#<eng,ftp> #< uwo,eng>
#< uwo,eng,ftp>
root <ca, uwo,eng,ftp> #<ca> <uwo,eng,ftp> #<uwo > #<ca>
#<uwo,eng> #<ca,uwo >
#<uwo,eng,ftp> #<ca,uwo,eng>
#<ca,uwo,eng,ftp>

Recursive name resolution of <ca, uwo,eng, ftp>.

Name servers cache intermediate results for subsequent lookups.

August 16, 2004
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Remote Procedure Call :
Client.-(‘;‘PU Server CPU
RO Ceb s 2T
Client A |server
2 41
Operating system Y A Operating system

>y

N

Metwork

Steps in making a remote procedure call

August 16, 2004
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§fe'p‘s of e/ Remote Procedure Cali

e

1 Client procedure calls client stub in normal way
2. Client stub builds message, calls local OS
3. Client's OS sends message to remote OS

Remote OS gives message to server stub
Server stub unpacks parameters, calls server
Server does work, returns result to the stub

Server stub packs it in message, calls local OS

PANN\® \@ \&

Server's OS sends message to client's OS

9. Client's OS gives message to client stub

10. Stub unpacks result, returns to client
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E‘Transfer of Control

Client Server Arch.

Principle of RPC between a client and server program.

Wait for result

Client ee——
A *
Call remote Return
procedure from call
Request Reply
Server —--mmmo oo m———— oo

Call local procedure Time —»

and return results
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| Transfer of Control
Asynchronous RPC

A client and server interacting through two asynchronous RPCs

Wit for Interrupt client
acceptance .
Client P h| :
A f‘k 4
1 FER
Call remote 11 | Return Ret /
/ from call urn [
procedure \ .f'f results | \1 Acknowledge
/| Accept / |
Request ‘*r request
/
Server L >
Call local procedure \ Time ——»
Call client with
one-way RPC
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Pés'sing \élue Parameters

S

Client machine Server machine

Client process Server process
1. Client call to .
procedure Implementation 6. Stub makes
of add local call to "add”
— Server stub -
(K =add(y) } - Client stub - K= add(]) J
e A e Y e
proc; "add proc; "add
int;  wval(i) 2. Stub builds int valy | 5. Stub unpacks
int: _ val(j) message |int: val(j) | message
- | prac; "add” 4. Server OS
Client 0S :mti val(i) Server OS5 hands message
I - Lint:_val() _/ to server stub

3. Message is sent
across the netwoark

Steps involved in doing remote computation through RPC
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| Parameter;Passing
Communication:Layered Protocols

Applicstion PR Application protocol | » .
Bresentation j:h _______ Presentation protocol | 5
Session j:“ _________ Session protocol » s
Transport If‘ ________ Transport protocol ______ N 4

MNetwork protocol [
Network [ RO BIOORO oo > 3
Data link protocol
Data link LT PIOEEOL - > 2
Physical protocol
Physical | ‘ i‘ g P > l 1
Metwork
| - Layers, interfaces, and protocols in the OSI model. ||
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4y /
Layered Protocols
— Data link layer header
— Network layer header
Transport layer header
Session layer header
£ Presentation layer header
Application layer header
Yy vy J ;
Message < Data link
layer trailer
e
Bits that actually appear on the network
A typical message as it appears on the network. iI
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e / T
‘Implementation Issues -
RPC ./ --

Implementation Issues

- cannot pass pointers
» call by reference becomes copy-restore (but might fail)

- weakly typed languages
» client stub cannot determine size

- cannot use global variables
> may get moved to remote machine
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B pYs

A;I}’ddle.wa/e-based Distributed Sys.'z;\em's

Machine A Machine B Machine C
[ [

Distributed applications

Middleware services

Metwork OS Metwork OS MNetwork OS
services services services
Kernel ‘ ‘ Kernel ‘ ‘ Kernel
Metwork
General structure of a distributed system as middleware. il
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Middlewafe and Openness

Application Same Application
programming
interface
A TFa
- Ho
Middleware [ ¥ Middleware
Common
Network OS protocol NetWOI'k OS

In an open middleware-based distributed system, the protocols used by each
middleware layer should be the same, as well as the interfaces they offer to

applications.
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= -~ #.4
Linking: Client and S
| Uuidgen :I
Interface
definition file
1oL c_or[lpiler:l
e — i
| Client code Client stub l Header | | Server stub | Server code
——_#include | - ~_| #include
. Y . Yy
| © compiler | | © compiler | | © compiler ] | € compiler |
l : Y ) . Y
Client Client stub Server stub Server
object file L objef:r. file | | objec_t file | objegt file
¥ S 3 - N ¥
. \ Runtime Runtime - \
| Linker |= | library | library »_ Linker |
; ¥
Client Server
binary binary
The steps in writing a client and a server in DCE RPC. ]
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o/

éihding aﬁ-’f)lient to a Server N

.

S

3. Look up server -

Client machine 7

Client —1—

August 16, 2004

.

Directory machine
Directory
SEIVEr |y

5. Do RPC

4. Ask for endpoint

b‘daemon

~._2. Register service

__Server machine

1‘ Server |-

bee =

I Endpaint
table

| - Client-to-server binding in DCE. |I

| 1. Register endpoint
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e

Distributed Objects

i

Client
invokes
a method

Client machine

Server machine

_} Cbject
Client Server re
( - State
Same )
] interface L] e Method
> . as object - )
'|F_ﬁ Skeleton J— -r* T Interface
5 invokes — | Skelet
roxy same method eleton
at object A
Client OS Server OS
| A~ L~ — |
MNetwork

Marshalled invocation
is passed across network

| - Common organization of a remote object with client-side proxy. |I
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ot 4 _,
Parameter Passing
Machine A Machine B
" Local object ) (MG 2 o)
Remote ohject
f LDT_a.]l - ‘ e1 Remote | 02 ! |
reterence ?— reference R1 E. A
.- N |I e - by
Client code with ~ \ .
RMI to server at C :
(proxy) Mew local | 3
1’ reference _ [ Copy of O1 J
Rermote A4 PERAN
invocation with T . el 1
L1 and R1 as u‘t Copy of R1 to 02
parameters
Machine G Server code

{method implementation)

| - The situation when passing an object by reference or by value. |I
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| Parameter,Passing %
Communication:Layered Protocols

Application R Rttt »> 6
Middleware protocol

Middleware 5
Transport protocol

Transport 4
Metwork protocol

Network 3

________ Data link protocol _______
Data link 2
l < Physical protocol »
Physical ‘ _________________________ ‘ 1
Network

| - An adapted reference model for networked communication. ||
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P

5 g —, " . N .. .
Persistence and Synchronicity in Communication

Messaging interface

Sending host | Communication Server Communication Server Receiving host

Buffer independent

f : icati :
L f Routing of communicating Routing _
Application || |/ L program hgsts program Application
‘_.f" y / ‘ A I
1 L 4 | To other (remote) v v ———
| |_| |_‘ communication — U EI
ﬂ: | = _ server = — =
0s / 0s ‘ T 0s \os
i I ) g’ | Le—]
o NN |
Local buffer Local network { Internetwork P Local buffer

—

Incoming message

- General organization of a communication system in which hosts are connected through
a network

August 16, 2004
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~Transfer of Control:
Persistence and Synchronicity in Communication

e

A sends message A sends message
and continues A stopped and waits until accepted
\ running

Message is stored
at B's location for

a) Persistent asynchronous communication

b) Persistent synchronous communication

A stopped
running

Accepted
later delivery \ Time
- —»

. B starts and Bis not B starts and
Bis not receives running receives
running message message

(@ (k)

August 16, 2004
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Berkele )% ﬂSjockets

Primitive | Meaning

Socket Create a new communication endpoint

Bind Attach a local address to a socket

Listen Announce willingness to accept connections
Accept Block caller until a connection request arrives
Connect Actively attempt to establish a connection
Send Send some data over the connection

Receive Receive some data over the connection
Close Release the connection

| - Socket primitives for TCP/IP. |I

August 16, 2004
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[

- 5

Server

éerkele )% HS"Jockets (Cont,)

T T T

socket

[ socket F [ bind || listen || acc‘:‘(‘ept}—}@—ﬂ

)
wiite F—» close |
i

| !
| i \
. . . | i . . '
Synchronization point —b; ! Communication
| ! \
’

Client

' 1 ‘
»connectl ® write ———» read close |

| - Connection-oriented communication pattern using sockets. ||
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fﬁé"‘Mesgége-Passing Interface (I\!A\PI)‘

.

Primitive Meaning

MPI_bsend Append outgoing message to a local send buffer

MPI_send Send a message and wait until copied to local or remote buffer
MPI_ssend Send a message and wait until receipt starts

MPI_sendrecv Send a message and wait for reply

MPI_isend Pass reference to outgoing message, and continue
MPI_issend Pass reference to outgoing message, and wait until receipt starts
MPI_recv Receive a message; block if there are none
MPL_irecv Check if there is an incoming message, but do not block
| - Some of the most intuitive message-passing primitives of MPI. ||
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Wessagefeuing Mode! '
Sender Sender Sender Sender
running running passive passive
|
v v
v v
Receiver Receiver Receiver Receiver
running passive running passive
(a) (b} © (d)

|I - Four combinations for loosely-coupled communications using queues.
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Me'ssagej’éueuing Model co)

e

Primitive Meaning

Put Append a message to a specified queue

Get Block until the specified queue is nonempty, and remove the first message
Poll Check a specified queue for messages, and remove the first. Never block.
Notify Install a handler to be called when a message is put into the specified queue.

Basic interface to a queue in a message-queuing system. il
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Général Aré/hitecture ofa Message-Que"uing System

Look-up
Sender |- transport-level Receiver
o address of queue
/...
Queuing - Queue-level |- Queuing
layer 4 address layer
Local OS ™ Address look-up .
database T e
i ] ~
b -~ Transport-level
Network address
The relationship between queue-level addressing and network-level
addressing.
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General Architecture of a Message-Queuing System
Sender A
Applicat -
pplication Application
/A Receive
[ e
Send queue
— [ 11] [ -
I Receiver B
Application
| - The general organization of a message-queuing system with routers. |I
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Me'ssage_ Brokers

Database with
conversion rules  Destination client

Source client Message broker ’ /
\
A < i y

\«é
TN
1| |[HEE [ e

0s 0s 0s

e e )
Network

| - The general organization of a message broker in a message-queuing system. ||
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“’"“‘Mul_ticompptef Scheduling A

Load Balancing

- Graph-theoretic deterministic algorithm
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“Multicomputer Scheduling

Load Balancing
2
g o
H 74 v@,e"‘ (a) Sender-initiated distributed heuristic algorithm
‘% S g » overloaded sender
o O O gu
o
O O O |ee
O O 0O

e
&
g
=
‘?‘.
o
&
I'm free tonight

‘% % [l (b) Receiver-initiated distributed heuristic algorithm

» under loaded receiver

I'm bored

(b}
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- Comparison between Systems

Distributed OS

Item Network 0S MLdadsI:;v(a);e-
Multi-Proc. Multi-Comp.

Degree of transparency Very High High Low High
Same OS on all nodes Yes Yes No No
Number of copies of OS 1 N N N
Basis for communication Shared memory | Messages Files Model specific
Resource management Global, central Global, distributed | Per node Per node
Scalability No Moderately Yes Varies
Openness Closed Closed Open Open
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