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Design and Implementation of Initial OpenSHMEM
Based on PCI Express

Young-Woong Joo' - Min Choi™

ABSTRACT

PCI Express is a bus technology that connects the processor and the peripheral I/O devices that widely used as an industry
standard because it has the characteristics of high-speed, low power. In addition, PCI Express is system interconnect technology such
as Ethernet and Infiniband used in high-performance computing and computer cluster. PGAS(partitioned global address space)
programming model is often used to implement the one-sided RDMA (remote direct memory access) from multi-host systems, such as
computer clusters. In this paper, we design and implement a OpenSHMEM API based on PCI Express maintaining the existing
features of OpenSHMEM to implement RDMA based on PCI Express. We perform experiment with implemented OpenSHMEM API
through a matrix multiplication example from system which PCs connected with NTB(non-transparent bridge) technology of PCI
Express. The PCI Express interconnection network is currently very expensive and is not yet widely available to the general public.
Nevertheless, we actually implemented and evaluated a PCI Express based interconnection network on the RDK evaluation board.. In
addition, we have implemented the OpenSHMEM software stack, which is of great interest recently.
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Fig. 1. The Hierarchy of Multi-host System



3.1 PCI Express
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Table 1. Transfer Speed of PCl Express

) Lane(width)
Generation
X1 X2 X4 X8 X16
Genl (Gbps) 2.5 5 10 20 30
Gen2 (Gbps) 5 10 20 40 60
Gen3 (Gbps) 8 16 32 64 96
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4. OpenSHMEM : Open Shared Memory
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Fig. 3. Memory Model of OpenSHMEM
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OpenSHMEM =232 7} PE(Process Element)%to]
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objectx= 7 PEY] local memoryel A&EH, <2 zalvto]
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5% A= OpenSHMEM®] shmem_malloc, shmem_double
_put, shmem_barrier_all 2] A Ao thal] 7]&3tct

5.1 shmem_malloc &4 A7

OpenSHMEMe®l A shmem malloc ¢+ 5% %53 Z} PE
symmetric heap @0 ZHE] RE PESo] H2d F 9l
symmetric data objectE @9t} shmem_malloc &4
Table 29} #Zo] Wi/l EFE W= size byte?wr59 &5
7471 e ERIHE Whghgi)

tlo

to rir rr o

Table 2. Prototype and Example of Malloc Function

Prototype void *shmem_malloc(size_t size);
Example double *dest =
P (double *)shmem_malloc(sizeof(xdest));
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shmem_get¥} 722 OpenSHMEM S F¥lof

*shmem_malloc(size_t size) ex) when integer type dest is allocated, size is 4byte

{ > Global Varisble
If(bSymmem_allocate == false) Clobel Varieb!
{

|Symmetric heap Allocate |

Symmetric_heap 0 (size = 1MB)

fptll - - - |
l—‘ Size(start addr + 4)
Symfnem->PhysicalAddrimype] | _____
(= stert addr) —| ~clobal Variable | GfLoT
-> PhysicalAddr[pel] = |j

Symmem->last_offset += size;

" bsymmem_allocate = TRUE, T
}

return Symmem->UserAddr;

Symmetric_heap 1 (size = 1MB)

el - - - |
l—‘ Size(start addr + 4)

Fig. 5. Design of shmem__malloc function
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F29 7] NT EE9| scratchpad registerS 53|
= PE7} F3 W=t o] 3 shmem malloc 579 3he}bn)
B¢l sizeWtE Symmetric heap? A ZFFA3E Symmetric
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= a3t AR, S22 shmem _malloc 371 35 %
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5.2 shmem_double_put &= A A

OpenSHMEMol| 4 ¢]  shmem_double_put 3=+ local PE
o] uj7i M= source (private©]t} global) WRzg] EZ2oa2H
H wiZiRg dest® dloE] HFo] AltE o] 5o HET
shmem_double_put 39| dest:= put <=2 Fd) Hlo|H=
e WY E50= w/lWS peE S local HIEEIA
remote WIEEAAE #ekstc}, & w7l HS dest”} local W
2E B89 FAYAHE RS peol et pe ISE 7}
A= PEY| dest® FAWES Fsto] Hujof & dlojEle] A
719k (78S nelems) HlolE A4S A @k

PCI Express 27 ¢] shmem_double_put <%= WA wj
N2l source”} local HWlEE EE91# symmetric HX
g B2 A=ZEF=E AU source’} symmetric
Wy EZolzbd DMA #4$9 source address® 7]



Table 3. Prototype and Example of double__put function

Prototvne void shmem_double_put(double *dest, const
ye double *source, size_t nelems, int pe);
Example shmem_double_put(dest, &sre, 1, 1);

O

ource94 S FAE AR HAT, BYFAE olf
ol DMAS] EAA 7MFF2E 71 E local MI=E
%91 o—roﬂ B s ddate] AR&steof gt
o put Y w7HE< dest® symmetric ™R
Folojol g, WG ped] dest® FAWEE shof
DMA 49| destination address® “d743}e] DMA H4<
AlZeta sty AASIAT & 59, Fig. 63 2o
PE 0914+ PE 09] src9] dHolHE PE 19 dest2Z DMA
A4S 3dtal, PE 1914& PE 19 srcd] HolHE PE 09
dest 2% DMA AEE oA Ak

]

U O nz rﬂ —l>

void shmem_double_put(double *dest, const double *source, size_t nelems, int pe)

Ex) shmem_double_put(dest2, &src, 1, nextpe); nextpe = (mype+1) % total_pe;

PEO PE1
Symmetric_heap 0 (size = 1MB) Symmetric_heap 1 (size = 1IMB)

e 4] - d [4] -

offset offset |
Hfsrc © Symmetric_heap 1)

SrcAddr = src.PhysicalAddr;

l o |
@

Ifsre © Symmetric_heap 0)
SrcAddr = src.PhysicalAddr;

Else Else
SrcBuffer memory allocate; SrcBuffer memory allocate;

SrcAddr = SrcBuffer.PhysicalAddr; SrcAddr = SrcBuffer.PhysicalAddr;
} }

DestAddr = symmem->PysicalAddr{pel] + offset; DestAddr = symmem->PysicalAddrlpe0] + offset;

BlockDMA(SrcAddr, DestAddr); BlockDMA(SrcAddr, DestAddr);

Fig. 6. Design of shmem__double__put function
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32| shmem_barrier_all ¥<=2
AAloltt, WA shmem barrier_all 47} 3& %@ o] Ao
8%4H DMA dEE°] ¢=HJ=AE glgtt. DMA 7
Fol ga¥ATd DMA A7 A9 Z2Ed 7 DMA
Aol ArHATE S &el7] 98 DMA done interrupt
= TN,

5.3 shmem_barrier_all &t
Fig. 72 PCI Express &F

l

Table 4. Prototype and Example of barrier__all function

Prototype void shmem_barrier_all();

Example shmem_barrier_all();

DMA =gloln] #He] AEHE dESelolre= DMA
done interruptE &<lste] CIHHEZF WS tjulo]~ o
AR JEHE MFE F7MIA o] Fel B AEHE
Mok &89 DMA A% MEE Aastel 2rpd Aol
Hzlojo AdASE LErl fs e PEEAA =i

AHHEES TN

g NT =gtold #ile] QHHE dS5dr e the
PEE] #zjoj] YA Ll =opdl AHHETL o
At woldl QEHEYL BA tulols @R QAHY

PCI Express 712t OpenSHMEM Z=7| A2 & +31 109

Barrier // User level Kernel level

DMA Driver

Wait for completion of memory updates

if(state == complete)
Je
———————————————————————— vt ifINT_Count == Num_DMA)
Interrupt other remote Pes to notificate |\
entering barrier \\

for(loop=0; loop<total_pe-1; loop++)
doorbell interrupt trigger to remote pe;

On interrupt, DMA done interrupt count is
increased in interrupt handler. checking whether
interrupt count is equal to number of issued
DMA transfer.

NT Driver

——
¥

. . . Doorbell interrupt is triggered to other PEs.
Wait for interrupt signal of remote PEs

if(INT_Count == Num_PEs)
Je
Return

E 5E FAAT ol 2
Ae A9 WA PE 7HT7} vedE g,

On interrupt, Doorbell interrupt count is
increased in interrupt handler. checking whether
interrupt count is equal to number of other PEs.

6. PCl Express 7|% OpenSHMEM APl T8

67l A= 5ol A A S PCI Express 7|4t OpenSHMEM
9] shmem_malloc, shmem_double_put, shmem_barrier_all &

o 7deol Wl e

6.1 shmem_malloc 74

Local

Data
Objects
PEO PE 1 PE 2
Private A [
S | 1k |  —
oo e—=d . = e 5
—= — — Symmetric
Heap
Remul.ely [ X 'l [ X ] ]
Accessible i
Symmetric = a =123 -]
Data :I l: :l
Objects e

Symmetric

V Objects
X = (int*)shmalloc(sizeof{int));
Put“a”->X @PE 1

Fig. 8. Design and Implementation of shmem__malloc

Fig. 82 51404 AA% shmem malloc gl st
H o2 address lookup table® A2 symmem TXAS
23 doute symmetric heap? F4F5 33} PlxPei_
PhysicalMemoryAllocate €<%} PlxPci_PhysicalMemoryMap
= 474 By drgE gdsta, @9e veygE Ad vt
A ek wiget) 93k v®ele] F4%E broadcast_
symmem_buffer9} get_symmem_buffer $t+2 E3d}o] &
PE#O] TR/ 4 Atk OpenSHMEM®| symmetric memory

2 783517 94 Z+ PEZ} vlelRE symmetric heap®] Z+
data objectE& 593 offsetS 7}l wilA, 2 PE ==
T UE PExER HolEE AFstaa & wf 547 wr9
W2y F4AE A stdg®E AAle] zhal 9l¥ data object
9] offsets v o ® HolH HFo] 7ed 4ol At
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6.2 shmem_double_put 81

shmem_double_put 738 RDMA 7]%9l| 7]4¥katt}, o] &
AsA a8 ez F4Maddress translation) ¥go] 2
23], PCI Express Bl 2ol A F4 W3S s &
2 BDF (bus/device/function) schemedl] th3+ F4M ko] A
g x]ojof gt} o] w) function AR E EAE t]ujo] 2ol A
Tt 7ol ek ARy wiel, FARI d/Fe
Zpol7k glermz FAawMst A A9t BDF %
bus/devicedl] st AR 7F A9 PCle subsystemell <3¢

=)

O A o

A = T2 PCle subsystemd BHE #g3lojof =,
o] Fio dis]A FAWse] ", Fig. 99 o

look-up table(LUT)S E3te] W3k do]E (busNo/DevNo)el

Sl 3 2 2233
He #E FPg
Requester 1D in I Request from wr
Host or Device in 1 Domain It {BusNo, DeviNo) hit in LUT,
use Rxindex; else report UR
| ReqDev | ReqFun
ReqBusho (701 | o fao) | No (20
Bustio Devio.
Hos2 Upstream Port A a {Bushio. Deviigs | [ Bustio | v
Secondary Bus ) 3
Number register Translation of an Incoming [Request
~ at target NT switch pprt §
S~ B Rxindex
Transiatea Requeser 1D} Targets
Targe1 VinBusNo ReqFun
o) Rumgex | Lo T
T Use Rxindex to ook up
ReqBusNo and ReqDevNo

a Ruindey
Translation of an Quigoing Completion
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Fig. 9. Address Translation During shmem__double__put
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