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CLUSTER ARCHITECTURE 
1. Control Unit 

- Reconfiguration Cache 
- Ultrasafe Configuration 
- Hazard Temperatures Array 
- Delay Table 
 

2. Detection Unit 
- FSM for runtime DETECTION 

3. Variation Tolerant Interconnect 
- Delay Insertions (up to 2-cycles) 
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FULL BENCHMARKS 

• hazard temperatures can be dynamically disabled 
• istheresys thresholding avoids spurious detections 

COMPONENTS 

• SystemC-based simulator 
• Architecture cycle-accurate models 
• HW Detection and Reconfiguraton 
• Short scale timing analysis 
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Near Threshold Operation is today a key research area in 
ultra-low power (ULP) computing, as it promises 10x 
improvement in energy efficiency compared to super-
threshold operation, and it mitigates thermal bottlenecks. 
Unfortunately near-threshold operation is plagued by 
greatly increased sensitivity to threshold voltage variations, 
such as those caused by ambient temperature fluctuation. 
We focus on tightly-coupled ULP processor cluster 
architecture where a low latency, high bandwidth processor 
to memory interconnection network plays a key role. 
 We propose a lightweight runtime solution to tolerate 
ambient temperature induced variations by dynamically 
adapting the processor-to-L1-memory latency without 
compromising execution correctness 

       for tt=1:1:length(T_profile) 

             

            % compute the new perturbated delays for current temperature 

            TimePaths = T2D(T_profile(tt),DT_ref,T_REF_40nm,T_SENS_40nm,TH_INV); 

            % log max delay for every iteration 

            Log.MaxDelay(tt)= max(max(TimePathsNow)); 

             

                         

            % --- Hazard Detection --- 

            for j=1:1:length(TM.THazard) 

              if( (abs(T_profile(tt)-TM.TH (j))<T_EPS) && TM.E(j) && ~TM.D (j)) 

                 

                Log.TMTriggerCtr = Log.TMTriggerCtr + 1; 

                Log.TMTrigger = [Log.TMTrigger; t(tt), TM.THazard(j)]; 

                 

                % Check for fault paths and negative values 

                if(sum(sum(TimePathsNow>DelayCheck_2))>0) 

                  [faulty_pe,faulty_mm]= find(TimePathsNow > DelayCheck_2); 

                  str='ERROR: Faulty PE-MM path ( > 2 stages)'; 

                  disp(str); 

                  return; 

                elseif (sum(sum(TimePathsNow<0))>0) 

                  str='ERROR: Negative paths delays'; 

                  disp(str); 

                  return; 

                end 

                 

                TM.DetectedBit(:) = 0; 

                TM.DetectedBit(j) = 1; 

                 

                % --- RCache --- 

                SafeTh = GetSafeRCacheIndex(j,TH_INV,trend,TM); 

                if(InRCache(RCache,TM.THazard(SafeTh))) 

                  % configuration found in RCache 

                  Log.RCacheHitTh(SafeTh) = Log.RCacheHitTh(SafeTh) + 1; 

                ... 

• Runtime algorithms 
• Microbenchmarks 
• D&R timing back-annotations 
• Large scale timing analysis 

10x improvement 

NTC pushes the architecture toward a 
topology in which several processing 

elements communicate with each other 
through a shared L1 memory system 
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