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Figure 1-6. An example of a cluster computing system.
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Figure 1-13. Organizing a sensor network database, while storing and proc-
essing data (a) only at the operator’s site or (b) only at the sensors.
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Figure 2-4. The simplified organization of an Internet search engine into three different
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Figure 2-7. The mapping of data items onto nodes in Chord.
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Figure 2-8. (a) The mapping of data items onto nodes in CAN. (b) Splitting a
region when a node joins.
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Figure 2-13. Viewing the Internet as consisting of a collection of edge servers.
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Figure 2-15. Using interceptors to handle remote-object invocations.
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Figure 3-4. Three ways to construct a server.
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Figure 3-7. (a) A process virtual machine. with multiple instances of (applica-
tion. runtime) combinations. (b) A virtual machine monitor. with multiple in-
stances of (applications, operating system) combinations.

SO bl 9 i ol Jole powuaw 9 51581 wuxw Process Virtual Machine >
Runtime g, Application g .pu—d> o pl=ul |, Virtualization ,LS Runtime System
General @ S0 Suwls zlusl Sy as au Application s Wb s,ls 1,8 System
.S s ol Runtime System |, Lpil aS la Library Function a, s,55 ¢ Instruction
9l au Runtime System asS v wl S s s2dlg s Application aS S
oslaiwl General Instruction ¢ System Call wU Kl ;1 Runtime System g3 bol ad> 50
slalibrary Function ea Application juw .26 adss | adlgs> o aS (suuilo U AS 5w
a S slnstruction Set o 9 2uS lay Runtime System > 2Ulgicss | Gusg> 2 b 5,90
Aol as > i so 0adliino .S oy Runtime System > 59 (sl Guivlo @ 3lsio
S3,0,LS aoly 9 Runtime System a_cgaxo ;| .3l bl (slol uilo U Mol 3,18

owl 3990 U i Ll
owl Sy JSow auwiS l oaile (8L Sle,l39l,5 sy Virtual Machine Monitor s Lol
-p 0 So wsusy Virtual Machine Monitor &) g wowl La> dlesew SO Jolo JSoi ol
i S oo | S5 puiile A Lads aS puiS s 1l)8y priitlo ol S, 1, 5,19
Wb 5l LS il LA S o uol |, Privilege 9 (swg—oc Slplosll giw> a_cgoxo
3S,LS au uSLLS (s Interpretation .wwl (S0 Emulation p—s g Interpretation

odd Guile Jolygiiws 18 Slil @) 9 cowl iz mw aS Emulation b g 4iS >l 9 pwilg=
32



omile ol Sy, aS Slacgoze el 55 S Ll ) o> Groile Heiws i b jeiws S
el A>lg Ol s Ulgicse (s A W Application ¢ Jole piwuw Sguicsw LS5
wwudd Sa,lzele,0 5l Sl Ug> .5, Ll | Ll g cusls Guile Sy, wlizeo a0l p
59> ul slaSystem call 3dsi Sls aU ¢ .2ig s L=l (seols Jole miuwuw Sg,

a0 58 il 1) Jole piinw

)9, 9 WClient ,L>Lw o
g o sBdUlbojlw d)9,w 9 WClient CJB ;s WoProcess o
Clients o
5,1 39>9 wlxil 95 Sl @gS> Liwld Network User Interface
Application Specific Protocol .1
Application Independent Protocol .2

Server machine

Client machine

Server machine

Client machine

[ i s Appl. |:| o Appl.
Application Noricaon: Application Application-
specific A , independent .
Middleware protocol Middleware Middleware protocol Middleware
Local OS Local 0S Local OS Local OS
e et ety ;J;xwmk s
(@) (b)

Figure 3-8. (a) A networked application with its own protocol. (b) A general
solution to allow access to remote applications.
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Figure 3-11. (a) Client-to-server binding using a daemon. (b) Client-to-server
binding using a superserver.
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Figure 3-18. Alternatives for code migration.
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Figure 4-1. Layers. interfaces. and protocols in the OSI model.
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(b) The interaction using asynchronous RPC.
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Item Global | Administrational| Managerial
Geographical scale of network | Worldwide | Organization Department
Total number of nodes Few Many Vast numbers
Responsiveness to lookups Seconds Milliseconds Immediate
Update propagation Lazy immediate Immediate

Number of replicas Many None or few None
Is client-side caching applied? | Yes Yes Sometimes

Figure 5-14. A comparison between name servers for implementing nodes from
a large-scale name space partitioned into a global layer, an administrational
layer, and a managerial laver.
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Figure 5-16. The principle of recursive name resolution.
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Figure 6-7. (a) The time daemon asks all the other machines for their clock
values. (b) The machines answer. (c¢) The time daemon tells everyone how to

adjust their clock.
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Figure 6-13. Enforcing causal communication.
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Figure 6-20. The bully election algorithm. (a) Process 4 holds an election. (b)
Processes 5 and 6 respond. telling 4 to stop. (c) Now 5 and 6 each hold an elec-
tion. (d) Process 6 tells 5 to stop. (e) Process 6 wins and tells everyone.
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Figure 6-22. Election algorithm in a wireless network, with node a as the source.
(a) Initial network. (b)-(e) The build-tree phase (last broadcast step by nodes f
and i not shown). (f) Reporting of best node to source.
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