Special instructions:
Predicated instructions, SIMD



Conditional instruction: cmovge

for (int i=0; i<100; i++)
if (X[i]>50) large+=7;

L6:
cmpl S51, (%edi,%eax,4)
leal 7(%edx), %ecx
cmovge %ecx, %edx
addl S1, %eax
cmpl $100, %eax
jne L6




Super Scalar
Sample Sort

b= (Sk/2, Sk/4,53k/45Sk/8;S3k/8 S5k /8y STk/8 « + -

for i :=1ton do //locate each element
j:=1 J/current tree node := root
repeat logk times // will be unrolled
Jji= 27+ (a; > t;) //left or right?
ji=j7—k+1 //bucket index
bj|++  // count bucket size
o(i):=j // remember oracle

for 7 :=1 to n do afg[o(i)HJr = q;

K2
< >
S 4 $3K/4
< > < >
S | | Sawg| | Ssws| | STk

T T T T

time / n log n [ns]

time / n log n [ns]

| | | I | I
Total ——

FB+DIST+BA —->-—
B FB+DIST ---- 7]
FB i

0
4096 16384 65536 o8 220 0?2 224 g
| | | | | |
18 |- i
16 M
14 |- .
12 |- .
Intel STL ——
10 b GCC STL --X-- —
sss-sort - - =K---
8 |- 3
e
D e O e A 7]
A o KW ML U N NN
2+ i
0 | | | | | |
4096 16384 65536 18 220 222 224 5
5 100 1000
YT } - } i
Straightline " Insertion- ° QuickSort Recurse

code Sort k =256



Multiway Comparisons
SIMD (Single instruction, multiple data)

daN

Index Tree
(Only Keys)

"

A SIMD Blocking

Cache line Blocking

AR

A Page Blocking

dK Depth of SIMD Blocking

dL Depth of Cache Line Blocking
dP Depth of Page Blocking

dN Depth of Index Tree

|
Keyz,
Rid2

|
ReyT,

Node Array I
Rid1

(Keys + Rids)

|
Keyn,

Ridn

Search Key = 59
«—

Key value in the
tree node

Use mask Lookup Table

value as [ 000 0
mask bit value 23/ \ e
setto 1 L/~ "" " T " 010 1
if keyq > keynode Child Inde! —» [110 5
47) 73;
I\ \ /\ AN 5=
A2, (3.9 @) a3 63 J67) _7‘3‘ Lookup Child
/ \ /\IChnd Index = 3 IndexIndex

7

Ta: starting address of a tree

page_address: starting address offset of a particular page blocking sub-tree
page_offset: starfing address offset of a particular cache line blocking sub-tree

cache_offset: starting address offset of a particular SIMD blocking sub-tfree
v

__m128i xmm_key_q=_mm_load1_ps(key_q);
/* xmm_key_q : veclor register Vkeyq, Splat a search key (keyg) in Vikeyq */

for (i=0; i<number_of_accessed_pages_within_tree; i++) {
page_offset = 0;
page_address = Compute_page_address(child_offset);
for (j=0; j<number_of_accessed_cachelines_within_page; j++) {
/* Handle ihe first SIMD blocking sub-tree (=2 levels of the tree)”/

_ m128i xmm_iree = _mm_loadu_ps(Ta + page_address + page_offset);
/* xmm_tree: vector register Viree. Load four tree nodes in Viree™/

__m128i xmm_mask = _mm_cmpgt_epi32(xmm_key_g, xmm_tree));
/* xmm_mask: mask register Vmask. Set the mask register Vmask™/

index = _mm_movemask_ps(_mm_castsi128_ps(xmm_mask));
/* Convert mask register into index”/

child_index = LookUp[index];

/* Likewise, handle the second SIMD blocking sub-tree (=2 levels of the tree)”/

xmm_tree = _mm_loadu_ps(Ta + page_address + page_offset + Nik*child_index);

xmm_mask = _mm_cmpgt_epi32(xmm_Key_d, xmm_tree));

index = _mm_movemask_ps(_mm_castsi128_ps(xmm_mask));

cache_offset = child_index*4 + Lookup[index];

page_offset = page_offset*16 + cache_offset;
}
child_offset = child_offset*(2dp) + page_offset;
}

/* child_offset is the offset into the input (Key, Rid) tuple (T) */
While (T[child_offset].key <= keq_q2)
child_offset++




