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Final Exam CMPE-523 12.01.2018 (45 points, 150 min)

St. Name, Surname St.Id#

Instructor Alexander Chefranov

Totally 7 tasks, 45 points, 9 pages

Task 1 Task 2 Task 3 Task 4 Task 5 | Task 6 | Task 7 Total
6 6 7 7 7 6 6 45

Task 1. (6 points). Using associativity, draw the flattest possible dependence graph for

the following calculation
?=1 Zj’:l AiAj

Write SIMD pseudocode for its calculation. Assume that addition takes 1 time unit, and
multiplication takes 3 time units. What is the minimal number 7 of processors providing

maximal performance for that program? Estimate speedup and effi

ciency for that number



Task 2. (6 points). Consider the code below

X[i]=c[i], (1<=i<=n);
For j:=1 step 1 until n-1
X[l:=x[i+A[Lj1*x[j], (j+1<=i<=min(j+m,n));

What problem is solved by the code?
Assuming a SIMD computer with the distributed memory has N=4=n, m=n-1=3

processing elements, show memory allocation (0 the code. Trace the code. Assume

0 0 0 O
_ _|13 0 0 O . : :
C=(1,2,3,4), A= 21 0 ol Rewrite the code using y=broadcast(x) operation for
4 2 1 0
broadcasting a scalar x to the local variable y of all the processing elements.
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cmpe1
Sticky Note
x1=c1=1; x2=c2=2;x3=c3=3; x4=c4=4
set mem(5),mem(0)
j=1=>i=2,min(j+m,n)=min(1+3,4)=min(4,4)=4; i=2,3,4
x2=x2+a[2,1]*x1=2+3*1=5; 
x3=x3+a[3,1]*x1=3+2*1=5
; x4==x4+a[4,1]*x1=4+4*1=8
PE1:broadcast x1=>r
mul mem(1),r,res, i=2,3,4
add mem(5),res, mem(5)
j=2; i=3,min(j+m,n)=min(2+3,4)=min(5,4)=4; i=3,4
x2=5
x3=x3+a[3,2]*x2=5+1*5=10
x3=x4+a[4,2]*x2=8+2*5=18
PE2: broadcast(x2)=>5 is at pe3,pe4
mul mem(2),r,res, i=3,4
add mem(5),res, mem(5)
j=3
i=j+1=4=>min(j+m,n)=min(3+3,4)=4
i=4;
x3=10;
x4=x4+a[4,3]*x3=18+1*10=28
p3:broadcast(x3)=>10 is available to PE4
mul mem(3),r,res, i=4
add mem(5),res, mem(5)



Task 3 (7 points) Write SIMD assembly code to calculate the scalar product of two
vectors, (X,Y) = ¥, X;Y;. Assume the number of the each vector components is N=4,
and the number of processing elements is N=4. Specify memory layout (distribution of
vectors over memory blocks). Give necessary explanations. SIMD assembly language

instructions are on the last page.
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Task 4 (7 points) Consider the code below

\% BSS 1*8 input array
V*  BSS 1*8 output array
lod V Get the input vector
movA toR and ready it for routing
route +1 All PEs send their data right
ldxi mask, =(01111111) but only the last 7
mask perform
radd the add of the received data
movAtoR Results of
ldxi mask, =(11111111) the add are
mask sent two steps
route +2 to the right by all
ldxi mask, =(00111111) Received values are
mask used only by
radd the last 6 PEs
movAtoR Results of
ldxi mask, =(11111111) the add are
mask sent four steps
route +4 | by all

ldxi mask, =(00001111) Only 4 additions

mask are done
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radd in the last step
Trqce the code assuming V=(5,3,2,1,1,2,3,4). Write instruction(s) providing
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Task 5 (7 points) Consider FORTRAN-90 statement A(5:10)=A(1:6). If before the

operation, A=(1,2,3,4,5,6,7,8,9,10), what is A after the operation. Write
equivalent C-like pseudocode. Give necessary explanations.
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Task 6 (6 points) Assume, there are two processes, Producer and Consumer, share a
common buffer, B, for keeping one data item. Initially, B is empty. Producer, generates
data items, and writes them into B, if it is empty. After writing into, the buffer becomes
full. When B is full, a data item from it can be read by Consumer, thus making B empty.
Write a semaphore solution for Producer and Consumer synchronization so that Producer

and Consumer are mutually excluded when accessing to B. Give necessary explanations.
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Task 7 (6 points)

Consider the following hypercube interconnection network

2 1 0
0 —1 000 0000 ——|000| o
, 4A100 2A010 1001 |,
—_— 1001\ 1001><2010__2
. 5B101 S0l e 3§ 011
— 3
4 2 010 4 100 —0/| 4 100 4 >
5 6A110 6A110><5101 A
6 3 011 5 101 6 110] — 6
7 — 7Bl 7BI11 71| — 7

Draw a 16x16 interconnection switch and define for it a routine tag for connecting input
9 with output 6. Give necessary explanations.




Set of vector instructions for an SIMD maching.

Insiruction Assembly code Action
Vector load lod aindex,i | Sp=pApe-Mylpea). (0 k=N-1) Instruction Assembly code Action
Veclor storc slo a,index,i | Sy=pMylpeage=Ap.(0<k<N-1) ) i, o ‘
5 1 { LAnaex 1 3
Veglor add add aindex.i | S=dAp-Art Mylpea;] (0sk=N-1 Load index lds i, andex Xl TQJ(- M[M]'
Vector subtract sub aindexi | Sy=dApe-Ap— Mylpea)(0< k<N - 1) Store index se iaindex | Meo] & X[i2];
Vector multiply mul aindex,i | Sp=pApe=Ay X Mylpea], (0= k<N -1) Load index immediatel ldxi iﬂ! aindex X[M](— s
Vector divide div amdex,i | Sp=Ape=Ap Mylpea). (0= k<N-1) ; s —_— : :
Broadeast bt inder | SbRp-Raginde 0k <N 1) Incrementindex ~ {incx i, aidex | XixZle Xid] + e
A A Al (A Decrementindex  [decy i amdes | X[ind)e= X[i2] = cw;
MowePEregisier  |mov iRy toiRy | S Rer 3Ry O=KSN=1) Myl indeg mus  iaindex | X[in2¢ Alin] X ca;
! i A _
; Load dala toad & index A Mcal;
Register add radd S Ape-Ap+ R (0<ks N-1)
Register subtract 1sub S ApeAr- R (0sk<N-1) Store data wslore @, index Mca] &= AC:
Register multiply | rmal SipApeAiX R (0<k=N=1)  Compare andbranch |cmpx  indexin2.a | (Xfindex] < Xli2])) 3 PC ¢ ca;
Register divide rdiv SidApAp R (0= k< N-1)
Figure 3-6 Figllﬂ& M

SIMD control unit instruction set,

Insiruction Assembly code Action
Comparc < | cit aindex,i | Sp—d (Mylpeag] < A= mask(ke= L0k =N-1)
Compare = cey a index.i | Sp=s (Mylpeag] = Ap) = mask(k)e= 1, (0=k =N -1):
Compare > [ egt agndex.d | Sp—(Mlpeag] > Ag)= mask(k)e= 1, (0 =k =N - 1):
Mask PEs mask Spe-mask(k), (0=k=N-1);
Sa able ask 5. (0=k=N-1); n .
sl s sk S 0=k =N 1) Instruction I Assembly code l Action
i i Xl XBl
TR ) [ e ) s Broadcast AC | cheast l Si= R AC. Ok =N-1);
AC AC AC AC
Figure 3-11 Figure 3-8
Cooperative SIMD instructions involving the mask. A simpie cooperative instruction.
Instruction Assembly code Action
Vector loop vecloop ix1, ix2, adr |(X[ix]1] < X[ix2]) =

PC &adr):

Figure 3-18
A vector looping instruction.

(X[ix1] «X[ix1] + N): next
(X[ix2] < X[ix1]) =
mask é~mask » Pr(XTix2] mod N): next






