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(a) CPU-centric DL sytem with CPU and discrete DLPU (b) CPU-centric DL SoC with integrated DLPU (c) DLPU-centric DL system
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(a) | | (b) [// input/output image of the roi-pooling layer.
extern vector[1][38][61][1624] stage3_unit23;

DLPU (GPU/ACC/...) | guusp Data bus

|
| e Address bus : NMgr extern vector[300][14][14]1[16024] roi_result;
| Control bus | T int roi[6000][5]; // the sorted 6k roi regions.
Fq:p- I/0 Control bus 1 Thread A
int suppressed_by_nms[6000] = {0};
Program for (i = 0; i < 6000; i++) {

Exception if (suppressed_by_nms[i]) continue;
Table // defining an exception handler to process NMS.
(PET) except NMS(i) {
1 l for (j =1+ 1; j <6000; j++) {

// "JaccardOverlap’ is pure scalar.

float iou = JaccardOverlap(roilil, roiljl);

if (iou > NMS_THRESHOLD)
suppressed_by_nms[j] = true;
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(a) }
I ralse‘ I NMS.(@) :
ROIP. (0) [ [========

= R YTAY R \ NI D=2 yals] s | [/[===s==== NMS+ROIPooling with EOP: ========
(a) +. 91 EI/(JCPUj‘j'::“LI\ E‘JT/‘I_‘E‘/‘?&@}EW*@ _______ I ________ NF—SI(—B-)——-—sync ROIP_-(@)) raise NMS(i) as h; // raise NMS when VQ is full.
. . NMS (1) // ROI!ZPoollng contains many vector instructions,
> 1,0y HA 925 /im /A ROIp.cl)ralse = // which often crams the VQ and blocks the pipeline.
(b) uDLPUj\j L H/Jrl_‘ﬁf%’ﬁﬁ*j NMS(1) ROIP.(1) ROIPooling(roi_result[i], stage3_unit23, roi[il);
------- ILl;éi-sé--I‘"""San NMS-(2) sync h; // The end of exception is synchronized here.
ROIP-(z) NMS(2) ROII;.(Z) //:::::::: NMS+ROIp°01ing w/o EDP N =========
————— el g e S = NMS(i); // scalar operations executed solely.
il jjl:l i 8l 5‘ ROIPooling(roi_result[i], stage3_unit23, roi[il]);
) S 2 = // issuing many vector inst.s blocking the pipeline,
¢ CPU LESS1}_&7K$@ @ // thus vector operations executed almost solely.
With EOP W/o EOP }
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(a) : E2LF header
Vector |
__’ Compiling | YEC.0 : Program header table
@ Section 1
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| i " Exception
User Exception [ | | Section 2 ségrﬁent ‘
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(b) Detailed format of ELF

(a) CPUj"j':"D H‘]ﬁ%’ﬂ;’@j‘@ (b) CPULESS 1}%{%*@ (a) Compilation process

o XJEEM#E/H: Intel Xeon 6130 CPU, Nvidia Tesla V100 GPU
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