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Sé&ch bai tgp moén Cac Mo hinh MT-THM BM Tin hgc cdng nghiép

LOI NOI AU

Sinh vién chuyén nghanh KTMT da duoc tiép can moén hoc Kién trdc may tinh
trong phan co s&. Trong mén hoc nay ngudi hoc duoc tiép can véi mé hinh may tinh
don bo xtr Iy va chi ¢é kha ning tinh toan tuan ty. V6i quy luat va xu huéng phat trién
cua may tinh hién nay, kién tric va kha ning xu ly cua hé thong may tinh ngay cang
dugc nang cao dé dap ung nhu cau vé xi ly, tinh toan caa con nguoi.

Trong mdn hoc Cac md hinh may tinh thé hé méi, ngudi hoc dugc cung cap
nhitng Kién thirc lién quan dén mé hinh kién triic may tinh nang cao. Di véi kién trdc
nay, hé thong may tinh dé dugc thiét ké véi nhiéu Bo xtr ly, nhiéu bo nhé va hé théng
mang lién két giira ching. Ngoai ra, kha ning xtr 1y song song la mét wu diém cuaa hé
théng may tinh tién tién.

Pé c6 thé hiéu va nam viing ly thuyét vé kién trlc, nguyén ly, cach thuc trao
d6i thong diép giita cac BXL trong hé théng ngoai viéc can nam viing kién thic vé ly
thuyét, nguoi hoc can phai hiéu ré cach thuc thiét ké cac bo da xur ly, cach thic xay
dung mang lién két va dac biét phai tinh duoc hiéu suat 1am viéc caa cac Bo xu Iy khi
ching phai xtr Iy dong thoi nhiéu tap 1énh trong ciing mot diém

Trong phan bai tap duoc dua ra dua trén dé cwong mén hoc s& dap tng dugc
c4c yéu cau trén thdng qua cac bai tap cua ting chuong.
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CHUONG 1. GIOI THIEU KIEN TRUC MAY TiNH TIEN TIEN

VA XU LY SONG SONG.
1.1 Tém tat ly thuyét
Chuong 1 dé cap dén céc van dé co ban:

e Céac ky nguyén phat trién cua may tinh dya trén cach thirc hoat dong va kién tric.
e Phan loai Kién trGic may tinh duva trén kha nang xu 1y dix liéu, nhu 13

- Kién trdc SISD

- Kién tric SIMD

- Kién tric MISD

- Kién tric MIMD
e Céc két ndi mang cua cac BXL va bo nhé trong hé Pa xtr ly, cu thé

- Cac phuong thirc hoat dong

- Chién lugc kiém soéat

- K§ thuat chuyén mach

- Topo
1.2 Céc dang bai tap (c6 hwéng din giai)
1.3 Céc van d@é vé thao luan, thuc hanh, thi nghiém
1.4 Bai tap sinh vién ty lam
Trinh bay céac ky nguyén phat trién khac nhau caa may tinh. Ky nguyén nao dugc xem
la ky nguyén bat dau caa hé théng may tinh song song?
Cau 1.1. Céc kién truc may tinh cd thé duoc phan loai nhu thé ndo? Dua vao nhing
yéu t6 nao dé phan loai?
Cau 1.2. Trinh bay phan loai kién triic may tinh ctia Flynn? Theo cach phan loai nay
thi mot may tinh ca nhan véi chip Dual-core (hai nhan) hién nay thudc loai nao?
Cau 1.3. Phan biét 4 m6 hinh SISD, SIMD, MISD, MIMD
Céu 1.4. Bo nhd may tinh song song dugc chia thanh nhitng mo6 hinh nao ?
Cau 1.5. Néu nguyén tic to chirc bd nhé dung chung?
Cau 1.6. Néu nguyén tic to chirc bd nhd phan tan (B6 nhd truyén thong diép)?
Cau 1.7. Trinh bay vé kién trac SIMD. Hiy so sanh wu va nhugc diém ctia mdy tinh
SIMD v61 by nhd phén tan va b nhé chia sé?
Céau 1.8. Trinh bay vé kién tric SIMD. Hay so sanh uu va nhuoc diém ciia may tinh
SIMD v61 by nhd phén tan va b nhé chia sé?
Cau 1.9. Hay tim mdt ung dung thuc té c6 thé thuc hién trén may SIMD véi bd

nhdo chia sé.
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Cau 1.10.  Trinh bay vé t6 chic bo nhé dung chung trong kién trac MIMD
Cau 1.11. May tinh kibu MIMD khac véi mang cac may tinh nhu thé nao?
Cau 1.12. Mot hé théng nhu thé nao duge goi 1a may tinh song song?
Cau 1.13.  Trong thiét ké kién trac may tinh song song, can quan tdm dén vén dé
gi?
Cau 1.14.  Trinh bay t6 chirc bd nhé truyén tin (Phan tan) trong kién trac MIMD
Cau 1.15.  Trinh bay céc tiéu tri trong két néi mang da xir 1y.
Cau 1.16.  Tai sao mang lién két lai dong vai trd quan trong trong kién tric song
song?
Caul.l7. What has been the trend in computing from the following points of
views:

(a) cost of hardware;

(b) size of memory;

(c) speed of hardware;

(d) number of processing elements; and

(e) geographical locations of system components.
Céau 1.18. Given the trend in computing in the last 20 years, what are your
predictions for the future of computing?
Céu 1.19. What is the difference between cluster computing and grid computing?
Cau 1.20. Assume that a switching component such as a transistor can switch in
zero-time. We propose to construct a disk-shaped computer chip with such a com-
ponent. The only limitation is the time it takes to send electronic signals from
Céu 1.21. one edge of the chip to the other. Make the simplifying assumption that
elec-tronic signals can travel at 300,000 km/s. What is the limitation on the diam-eter
of a round chip so that any computation result can by used anywhere onthe chip at a
clock rate of 1 GHz? What are the diameter restrictions if the whole chip should
operate at 1 THz=10'? Hz? Is such a chip feasible?
Céau 1.22. Compare uniprocessor systems with multiprocessor systems for the
follow-ing aspects:

(a) ease of programming;

(b) the need for synchronization;

(c) performance evaluation; and

(d) run time system.
Cau 1.23. Provide a list of the main advantages and disadvantages of SIMD
andMIMD machines.
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Céaul1.24. Provide a list of the main advantages and disadvantages of shared-
memory and message-passing paradigm.
Cau 1.25. List three engineering applications, with which you are familiar, for
which SIMD is most efficient to use, and another three for which MIMD is most
efficient to use.
Cau 1.26. Assume that a simple addition of two elements requires a unit time. You
are required to compute the execution time needed to perform the addition of a 40x40
elements array using each of the following arrangements:
(a) A SIMD system having 64 processing elements connected in nearest-neighbor
fashion. Consider that each processor has only its local memory.
(b) A SIMD system having 64 processing elements connected to a shared memory
through an interconnection network. Ignore the communication time.
Cau 1.27. Assume that a simple addition of two elements requires a unit time. You
are required to compute the execution time needed to perform the addition of a 40x40
elements array using each of the following arrangements:
(a) A MIMD computer system having 64 independent elements accessing a shared
memory through an interconnection network. Ignore the com-munication time.
(b) Repeat (b) and (c) above if the communication time takes two time units.
Céau 1.28. Conduct a comparative study between the following interconnection net-
works in their cost, performance, and fault tolerance:
(@) bus;
(b) hypercube;
Céau 1.29. Conduct a comparative study between the following interconnection net-
works in their cost, performance, and fault tolerance:
(@) mesh;
(b) fully connected:;
Céu 1.30. Conduct a comparative study between the following interconnection net-
works in their cost, performance, and fault tolerance:
(a) multistage dynamic network;
(b) crossbar switch
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CHUONG 2. KET NOI MANG PA XU LY

2.1 Tém tit ly thuyét
e Céc cau trac lién két khac nhau duoc st dung dé két ndi nhiéu bo xir ly va céc
Modul nhé
e Nghién ctu 2 loai mang chinh 1a : Mang tinh va mang dong
e Céc cau tric lién két duoc dwa ra cho mang tinh bao gdbm:
- Lién két siéu lap phuong
- Lién két mesh (lui)
- Lién két k-ary n-cube (khéi n-1ap phuong, khdi n chiéu)
e Céc cau truc lién két duoc dua ra cho mang tinh bao gom:
- Lién két bus
- Lién két crossbar
- Lién két da tang
2.2 Céac dang bai tap (cé hwéng din giai)
2.3 C4c van dé vé thao luan
2.4 Bai tap sinh vién ty lam
Cau 2.1. Phan loai lién két mang
Cau 2.2. Trinh bay ciu trac va dic diém hé théng Bus don
Cau 2.3. Trinh bay ciu tric va dic diém hé thong da Bus
Cau 2.4. Trinh bay ciu trac va dic diém cua Bus dong bo
Cau 2.5. Trinh bay dic diém mang Crossbar
Cau 2.6. Trinh bay dic diém mang don ting
Cau 2.7. Trinh bay dic diém mang da tang
Cau 2.8. Trinh bay ciu tao va hoat dong cua mang két ndi hoan hao
Cau 2.9. Trinh bay ciu tao va hoat dong mang két ndi han ché
Céu 2.10. banh gia hiéu nang cac mang dong
Céu 2.11. banh gia hi¢u nang mang tinh
Cau 2.12. Trinh bay cach thic to chic cac bo vi xt ly theo mang hinh siéu khéi. Uu
va nhuge diém cua cach thuc to chic nay?
Cau 2.13. Trinh bay céch thic t6 chirc cac bo vi xir Iy theo mang hinh buém. Uu va
nhuge diém cia cach thic to chac nay?.
Cau 2.14. Trinh bay cach thirc to chtic cac bo vi xur Iy theo mang chu trinh hudng két
ndi khéi. Uu va nhuge diém cia cach thic to chire nay?.
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Cau 2.15. Trinh bay céch thirc t6 chirc cac bo vi xir Iy theo mang di chuyén hoan vi.
Uu va nhuoc diém cua céch thuc to chie nay?.

Cau 2.16. Trinh bay vé cach thic to chire 16 bo vi xir ly theo mang hinh buém? Bo vi
xir ly (7) s& dugc két ndi véi nhitng bo vi xir 1y nao?

Cau 2.17. Trinh bay vé cach thtc t6 chac 32 bo vi xir Iy theo mang hinh siéu khéi? Bo
vi xir ly 11101010 s& duoc két ndi vai cac bo vi xir Iy ndo trong mang?

Cau 2.18. Cho mét mang hoan vi- di chuyén, chitng minh rang néu mot két néi di
chuyén (shuffle) néi nGt i véi nat j thi j 1a s& 1a két qua cua phép quay trai mét bit trong
biéu dién nhi phan cua i.

Cau 2.19. Thiét ké mang hoan vi- di chuyén cho 16 dau vao va 16 dau ra. Hay cho
biét ngudn va dich nao c6 dudng di ngan nhat? Ngudn va dich nao co duong di dai
nhét

Céu 2.20. Cho mang HyperCube nhu hinh v&

oo 0 oo 110m

oo oo i} 1001

oo o1 1110 1111

oo i oo 1011

Hay tim nhiing lién két dé BXL (0) dinh tuyén dén BXL (14)

Hay tim nhiing lién két dé BXL (10) dinh tuyén dén BXL (7)

Hay tim nhiing lién két dé BXL (4) dinh tuyén dén BXL (7)

Hay tim nhiing lién két dé BXL (11) dinh tuyén dén BXL (13)

Cau 2.21. Mang da tang 13 gi? Hiy phan tich uvu nhuwoc diém cta mang don tang so

o0 o

VGi mang da tang?
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Cau 2.22. Cho mang da ting nhu hinh v&.
0 - 0
1J —\ j><j 1
2 /N

3 — B -3

5 —>><j -5
. = . -6

Hay xay dung chu trinh dinh tuyén cho théng diép trong mang da tang tir :

Nguén Pich
000 101
110 010
111 001

Céau 2.23. Trinh bay dic diém cua mang Banyan? Thiét ké mang Banyan 16x16
Cau 2.24. Cho mang Banyan 8x8 nhu hinh v&, hay tim cac BXL duoc két néi voi

000 1 5 9 000
001 ——

001
010 — 6 10 010
011 — 011
100 —— 3 7 11 100
101 101
110 4 8 12 110
111 111

Figure 2.11 An 8 x 8 Banyan network.

a. BXLsb1

b. BXLsb3

c. BXLsb 4

d. BXIs67

Cau 2.25. Néu dic diém cua mang ludi 2 chiéu. Thiét ké mang lugi 2 chiéu 16 phan
tir. Hay cho biét thuat toan dinh tuyén cho mét goi tin duogc truyén tir ngudn dén dich
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Cau 2.26. Cho mang luéi 2 chiéu nhu hinh v&. Dinh tuyén cho goi tin di chuyén tur:

Mang Iwéi 2 chidu véi ky=k,=4

Ngudn 1a Node 2 dén Node dich 14
Ngudn 1a Node 0 dén Node dich 12
Ngudn 1a Node 13 dén Node dich 3
Ngudn 1a Node 15 dén Node dich 3

e 0o T e

Cau 2.27. Néu dic diém cta mang k-ary n-Cube? Cho biét thuat toan tim cac Node
lien két véi Node da cho

Cau 2.28. Cho mang k-ary n-Cube nhu hinh v&. Hay xac dinh cac Node lién két véi
Node (4), (2), (9), (15)

] ] [ ] []
0 1 2 3 H-
L1 4 5 6 7 H-
L1 8 9 10 11 H-
L 112 13 14 15 -
[ I B

Cau 2.29. Cho da thuc sau: ap+aix+azx?+asx3+asx*+asx’+asx®+asx’ . Tinh gia tri cua
da thac theo mé hinh lién két dang Shuffle — Exchange
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Céau 2.30. Cho da thirc sau: sinx = X— x/3 +x/5 — x/7 +x/9 + . . . x/n-1. Tinh gia tri cta
da thic theo mé hinh lién két dang Shuffle — Exchange

Céu 2.31. Consider a two dimensional mesh network with n rows and m columns.
What is the bisection bandwidth of this network?

Cau 2.32. Consider a Shuffle-Exchange network with n=2% nodes, k>1. How many of
the of the 3.2%! edges are Shuffle edges and how many are Exchange edges? Draw a
Shuffle-Exchange network with k=4

Céu 2.33. Show how a complete binary tree n leaves can be embeded into a Butterfly
network of dimension log n. The leaves of the trees correspond to the Butterfly nodes
at the level logn.

Cau 2.34. Contruct an embedding of an three-dimensional Torus network with 8x8x8
nodes into a nine-dimensional hypercube network.

Cau 2.35. Design a nonblockingClosnetwork that connects 16 processors and 16
memory modules. Show clearly the number of crossbar switches needed, together with
their interconnection pattern.

Céau 2.36. Consider the case of an 8 8 single-stage recirculating Shuffle-Exchange
network. Determine all input—output combinations that require the maxi-mum number
of passes through the network.

Céau 2.37. Consider the case of an 8x8 Banyan multistage interconnection network
similar to the one shown in Figure 2.8.

|
v
'
v

)

v | il ¥ ] v |
|n| l| ) 3| 4| q| 6 |
71 2 A L
(b
|
¥ ¥ ¥ ¥
|{]| 1 2 3 4| 5 I.‘:-“?|
) £ ¥ 0

(c)

Figure 2.8 The PM2I network for N = 8 (a), PM2 , for N = 8; (k) PM2_ | for N = 8; and
(c) PM2,> for N = 8.
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Determine whether it is possible to connect input #lto output (i mod 8) for
alllsimultaneously. If it is possible show the routing in each case.

Céau 2.38. Consider a simple cost comparison between an nxn crossbar and an nxn
Shuffle-Exchange MIN. While the crossbar uses cross points, the Shuffle network
uses 2x2 switching elements (SEs). Assume that the cost of a 2x2 SE is four times that
of a cross point. What is the relative cost of an nxn Shuffle-Exchange network with
respect to that of a crossbar of the same size? Determine the smallest value ofnfor
which the cost of the cross-bar is four times that of the Shuffle-Exchange.

Céu 2.39. In computing the number of connections for different multiple-bus systems,
it is noticed that all multiple-bus systems require at least BNconnections. However,
they differ in the number of additional connections required. For example, while the
MBFBMC requires BMadditional connections, the MBSBMC requires
onlyMadditional connections. You are required to compare the four multiple-bus
systems in terms of the additional number of connections required for each. You may
assume some numerical values for B, N, M, g, and k. Consider the case of connecting
N=100 processors to M=400 memory modules using B=40 buses. Determine the
optimal values for gandksuch that the MBCBMC system is always better that the
MBPBMC in terms of the number of additional connections.

Céu 2.40. Consider the two MINs shown in Figures 2.10 and 2.11. At first glance one
can notice the difference between these two networks. In particular, while the first one
(the Shuffle—Exchange) uses straight connections between the input processors and the
network inputs and straight connections between the output of the network and the
output memory modules, the second network (the Banyan network) uses straight
connections at the inputs but a shuffle connection at the output.

S 000 | : ) 000

L )

N
s 001

o — I L oo 001

000 —

010 — 4 6 10 010

010 — - - N A 010
Ny 01 — 011

o — s NM— on

100 — 3 7 11 100

100 — — 100

’ N 101

4 » [0]————
(T I— - N T

L 110 10— 4 g 1 110

110 _— -

mo ST 111 [11

Figure 2.10  An example 8 x 8 Shuffle—Exchange network (SEN).

Figure 211 An 8 x 8 Banyan network.
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If we generalize that principle such that at the input and the output we can have either
straight or shuffle connections while keeping the connection among stages as shown,
how many different types of networks will result? Characterize the resulting networks
in terms of their ability to interconnect all inputs to all outputs simultaneously.

Céu 2.41. Repeat Caul.42 above for the cases whereby the interstage connection
patterns can be either straight or shuffle.
Céau 2.42. Assume that we define a new operation, call itinverse shuffle (1S), which is
defined as

IS(Pm-1 Pm-2 ...... P1 Po)=Po Pm-1pm-2...p1

Repeat Problems 7 and 8 above if the IS is used instead of the shuffle operation.

Cau 2.43. Determine the maximum speedup of a single-bus multiprocessor system
havingNprocessors if each processor uses the bus for a fractionf of every cycle.
Cau 2.44. Discuss in some details the fault-tolerance features of dynamic INs such as
multiple-bus, MINs, and crossbar. In particular, discuss the effect of failure of nodes
and/or links on the ability of routing in each network. Repeat the same for static
networks such as hypercubes, meshes, and tree networks.
Céu 2.45. Determine the condition under which a binary tree of heighthhas a larger
diameter and larger number of links than each of the followings:

(@) an n-dimensional hypercube

(b) an rxr 2D mesh with r= VN,

(c) a k-ary n-cube.
Céu 2.46. What are the minimum and the maximum distances a message has to travel
in an n-dimensional hypercube? Can you use such information to compute the average
distance a message has to travel in such cube? Show how?

Céau 2.47. Repeat Cau 1.47 for the case of an rxr 2D mesh with r=/N.

Cau 2.48. Repeat Problem 12 for the case of a binary tree whose height ishand
assuming that all possible source/destination pairs are equally likely.

Cau 2.49. "Routing of messages between two nodes A and B in a binary tree has been
described in general terms in Section 2.4 of this chapter. You are required to obtain a
step-by-step algorithm for routing messages between any two nodes in a binary tree
given the following information:

(a) the root node is numbered as 1 and is considered at level 1;

(b) the left and right nodes of a node whose number isxare respectively 2x and 2x+1;
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(c) the binary representation of the numbers of nodes at level i are i bits long;

(d) the left and right children of a node are having a 0 or a 1 appended to their parent’s

number, respectively.

Show how to apply your algorithm to route messages between node number 8 and

node number 13 in a 4 level binary tree.

Céau 2.50. Assume n=2"k prosesscors are connected by an omega network (Figure

2.23) . Desgin an algrithm to route a message form processor i to processor j.

(Hint : Represent the destination address j as binnary number)

Cau 2.51. An omega network is an indirect topology based upon the perfect

shuffle interconnection pattern [66] . figure 2.23 illustrates an omega network

for eight processors . Consider an omega network connecting n =2k processor
a. How many switching elements are in the network ?

What is the diameter of the network ?

What is th bisection witdth of the network?

What is the maximum number of edges per switching node?

Does the network have constant edge length as the number of

nodes increases?

®© oo o

Cau 2.52. Give a algorithm that routes a message from node u to node v inan
n- node shuffle-exchange network in no more than 2 log n-1 messages.

Cau 2.53. Give a shuffle —exchange network with 2*k node, under what
circumstances are nodes u and v exactly 2k-1 link traversals apart ?

Cau 2.54. Draw shuffle- exchange network with two, four, and eight nodes.
Make sure you label the nodes. Is a shuffle — exchange network with n node a
subgraph of a shuffle —exchange network with 2n nodes?

Cau 2.55. Give a algorithm that routes a message from node u to node v inan
n-node hypercube in no more than log n steps.

Cau 2.56. Prove that a hypercube has no cycles of odd length.

Céau 2.57. Prove that if nodes u is distance i form node v in a hypercube , then
there are i paths of length i from uto vthat share no edges.

Céau 2.58. Prove that if nodes u is distance i form node v in a hypercube , then
there are i ! different paths of length i from uto v (though some hypercube
adges may appear in more than one path)
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Cau 2.59. The distance between nodes u and v in a graph is the length of the
shortest path from u and v .Given a d-dimensional hypercube and a designated
source node s , how many nodes are distance i from s ,where 0 <i<d?

Céau 2.60. How many different ways can a d-dimensional hypercube be labeled?
Cau 2.61. Draw hypercube networks with two ,four,and eight nodes. Make sure
you label the nodes .Is a hypercube network with n nodes a subgraph of a
hypercube network with 2n nodes ?
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CHUONG 3. PHAN TiCH HIEU XUAT CUA KIEN TRUC

PAXU LY

3.1 Tém tit ly thuyét
e Tap trung vao 2 md hinh tinh toan la
- M0 hinh khoang thoi gian bang nhau
- M@ hinh tirng phan néi tiép
e Phan tich cac quan diém vé kién trlic song song
e Cé&c cong thuc trong bai todn xu ly song song
1. Thoi gian xtr ly caa mét bo vi xur ly con:

tS
=4t
n c

tm
Trong do:
- tm la thoi gian xu ly caa mot bo vi xu ly con

ta 1a thoi gian xir ly caa toan bo vi xir ly

n 12 6 bo vi xir Iy con

Cha y: doi véi trirong hop khong co phi ton truyén théng thi te = o

A A 4w I _1-_5
2. hé so tang toC: Sy = .

Stn)

3. hiéu suat cua hé vi xx ly: & = -

e Cé&c cong thac trong bai todn xu ly song song
1. thoi gian xur ly caa mot bo vi xu ly con:
r.‘.-?
Em =fts+[1_f);

Trong do:

- flaxa ly tuyén tinh

(1-f) 1a xir ly song song

3.2 Céc dang bai tap (c6 hwéng din giai)

3.3 Cac van dé vé thao luan, thuc hanh, thi nghiém
3.4 Bai tap sinh vién tw lam

Cau 3.1. Trinh bay vé Dinh luat grosch

Céu 3.2. Trinh bay Pinh luat Amdahl
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Céu 3.3. Trinh bay Dinh Luat Gustafson-Barsis
Cau 3.4. cho mot hé VXL c¢6 hé sb tang tdc 10. Thoi gian dé 1 VXL hoan thanh tac
vu 1a 20s. Hiy thyc hién cac yéu cau sau trong trudng hop dbi v6i bai toan xir Iy song
song, phi ton truyén thong 0.5s
a. Truong hop khong c6 phi ton truyén thong. Tinh sb lugng bd vi xir 1§72 Thoi
gian thyuc hién cta hé? hiéu suit cua hé vi xir Iy?
b. Trudng hop c6 phi tén truyén thong. Tinh thoi gian thuc hién cua hé? Hé sb
tang tdc? Hiéu suit ctiia hé?
Cau 3.5. Ccho sb bo vi xir 1y 1a 30, thoi gian can thiét cho 1 bo VXL hoan thanh tac
vu 13 60s. hdy thyc hién cac yéu cau sau d6i voi mo hinh ting phan nbi tiép, cho £=0,5
a. Truong hop khong c6 phi ton truyén thong. Tinh hé s6 tang toc? Thoi gian thuc
hién ctia hé? Hiéu suat ctia hé vi xur 1y?
b. Truong hop co phi ton truyén thong. Tinh thoi gian thuc hién ctia hé? hé sb ting
t6c? Hiéu suat ctia hé? Cho phi ton truyén thong bang 0,5
Cau 3.6. Consider the case of a multiple-bus system consisting of 50 processors,
50memory modules, and 10 buses. Assume that a processor generates a memory
request with probabilityrin a given cycle. Compute the bandwidth of such system
forr=0.2, 0.5, and 1.0. Show also the effect on the band-width if the number of buses is
increased toB=20, 30, and 40 for the same request probability values.
Céau 3.7. In deriving the expression for the bandwidth of a crossbar system, we have
assumed that all processors generate requests for memory modules during a given
cycle. Derive a similar expression for the case whereby only a fraction of processors,f,
generate requests during a given cycle. Consider the two cases whereby a processor
generates a memory request with probability in a given cycle and whereby a processor
can request any memory module.
Céau 3.8. Consider the recursive expression developed for the bandwidth of a Delta
MIN network consisting of stages of axb crossbar switches. Assuming that a=2,b=4,
and ra=0.5, compute the bandwidth of such a network.
Cau 3.9. Consider the case of a binaryn-cube havingNnodes. Compute the bandwidth
of such a cube given thatris the probability that a node receives an external request
andnis the probability that a node generates a request (either internally or passes on an
external request). Assume that a fractionf of the external requests received by a node is
passed onwards to another node.
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Céu 3.10. Consider the expressions obtained for efficiency under the two compu-
tational models presented in the chapter. Compute the expected efficiency values for
different values of tc and ts

Cau 3.11. Starting from the equation for the speedup factor given by

_f'—l—“ =1

Sin) =

n

Show the inequality that relates the fraction of serial computation,f, and the number of

processors employed,n, if a 50% efficiency is to be achieved.

Céu 3.12. Contrast the following two approaches for building a parallel system. In this

first approach, a small number of powerful processors is used in which each processor

Is capable of performing serial computations at a given rate, y. In the second approach,

a large number of simple processors are used in which each processor is capable of

performing serial computations at a lower rate, o< y. What is the condition under

which the second system will execute a given computation more slowly than a single

processor of the first system?

Cau 3.13. Consider a parallel architecture built using processors each capable of sus-

taining 0.5 megaflop. Consider a supercomputer capable of sustaining 100 megaflops.

What is the condition (in terms off) under which the parallel architecture can exceed

the performance of the supercomputer?

Céu 3.14. Consider an algorithm in which (1/a) th of the time is spent executing com-

putations that must be done in a serial fashion. What is the maximum speedup

achievable by a parallel form of the algorithm?

Céu 3.15. Show that the lower bound on the isoefficiency function of a parallel

system is given by Q(n). Hint: If the problem sizemgrows at a rate slower thanQ(n)

as the number of processors increases, then the number of processors can exceed the

problem size m.

Cau 3.16. Compute the isoefficiency of a parallel system having an overhead
Toh:n4/3+m3/4+n3/2_

Céu 3.17. In addition to the two definitions offered in Section 3.4, one can also define

the average parallelism, Q, as the intersection point of the hardware bound

and the software bound on speedup. Show that the three definitions are equivalent.

Céu 3.18. Why are processor array well suited for executing data —prallel programs?
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Cau 3.19. Given a processor array containing eight processing elements, each
capable of performing 10 million integer operation per second, determine the
performance in million of operrations per second of this processor array adding
two integer vectors , for all vector size from 1 to 50.

Cau 3.20.  Estimate the efficiency of a processor array excuting a case statement
with k case. Assume all the instruction inside the case statement are parallel
instruction take the same amount of time to execute .

a. What is the efficiency if each case contains the same number of instructions?
b. What is the efficiency if case i has li instructions and the probability of a
processing element being active inside case i is Pi?

Cau 3.21. Why are large data and instruction caches desirable in multiprocessors?

Céu 3.22.  Why is the number of processors in a centralized multiprocessor limited
to a few dozen?

Cau 3.23.  Addirectory-based protocol is a popular way to implement cache
coherence on a distributed multiprocessor.

a. Why should the directory be distributed among the multiprocessor’s local
memories?
b. Why are the contents of the directory not replicated?

Céu 3.24. Continue the illustration of a directory —based cache coherece protocol
begun in Figure 2.16 . Assume the follwing five operation now occur in the order
listed : CPU 2 reads X, CPU 2 write 5to X, CPU 1 reads X ,CPU 0 reads X ,CPU
1 writes 9 to X . Show the states of the directories,caches , and memories after
each these operations .

Céu 3.25. Do some research and fin, for each category in Flunn’s taxonomy, at
least one commercial computer fitting that category. (It is OK t name a computer
that is o longer available, but you may not name a computer mantioned in this
book)

Céu 3.26.  Continue the example of the operation of a systolic priority queue
begun iin Figure 2.22 bay illustrating the states it would pass through as it
processed these five requests: Insert 4 ,Extract Minimum, Insert 11, Insert 9,
Extract Minimum.

Céu 3.27.  Explain why contemporary supercomputers are invariably
multicomputers?
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