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Compiler Backend

» Compiler: Source Code -> Machine Code.
» FrontEnd, MiddleEnd, BackEnd.

» Backend: Generating machine code for various processors.

» Challenges in Backend Development: Slowness and Complexity.
» Slowness: Necessitating understanding of hardware characteristics and
compiler infrastructure.

» Comlexity: Magnitude of manual efforts for writing code.



Background

» Traditional Manual Approach: Fork-Flow
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» Current Problem:
» Limited accuracy in LLMs (e.g., ChatGPT) for backend code.
» Solution:

» A domain-specific dataset for compiler backend development.



ComBack: First Public Dataset for Backends

> Feature

 Large-Scale: 5,700,000+ Lines of Code, 181,000+ Functions.

* Multi-Targets: 77 for GCC, 101 for LLVM.

(a) GCC
Type Target Function KLoC
CPU 30 35,147 6472
MPU 33 6,010 183.9
GPU 2 457 11.2
VLIW 5 959 25.4
DSP 3 399 9.6
Virtual 4 327 6.5
Sum ¥ i) 43,299  883.7

(b) LLVM
Type Target Function KLoC
CPU 43 84,914  3,450.4
MPU 30 11,311 1730
GPU 5 22,591 768.3
VLIW 4 2,048 24.3
DSP 7 9,646 263.2

Virtual 12 8,430 168.3

Sum 101 138,940 4,847.5

« Versatility: 3 tasks for common scenarios.

« Availability: https://huggingface.co/datasets/docz-ict/ComBack




Three Tasks in ComBack

Inputs: ... adjustReg(DL, SPReg, FPReg, —StackSize+RVFI->getVarArgsSaveSize()

Ground Truth: Machinelnstr::FrameDestroy);

(a) Statement-Level Completion

Inputs: ... maxCallFrameSize = (maxCallFrameSize + AlignMask) & ~AlignMask;
Ground Truth: MFI —> setMaxCallFrameSize(maxCallFrameSize);

(b) Next-Statement Suggestion

Inputs:

getPointerRegClass: Returns a TargetRegisterClass used for pointer values.

Target—Specific Value: Sparc, SP::164RegsRegClass, SP::IntRegsRegClass.

Ground Truth:

TargetRegisterClass =SparcRegisterInfo::getPointerRegClass(MachineFunction &MF ,unsigned Kind) {
return Subtarget.is64Bit() ? &SP::164RegsRegClass : &SP::IntRegsRegClass;

}

(c) Code Generation



Evaluation

» Setup:
» 6 language models (max 220M parameters) for fine-tuning.
» 2 LLMs (ChatGPT-3.5-turbo and CodelLaMA-34B) for inferencing.

» RQ.1 Improvements of backend code accuracy through fine-tuning.
» Train/Validation/Test set: 80%:10%:10%.

Stmt. Comp.  Next. Sugg. Code. Gen. Stmt. Comp.  Next. Sugg. Code. Gen.

Model EM (%) ED EM (%) ED BLEU-4 ED |EM (%) ED EM (%) ED BLEU-4 ED
Without Fine-Tuning Fine-Tuned
CodeBert 0.00 097 000 1.31 0.00 044 | 53.84 7744 52.67 70.82 2354 54.63
GraphCodeBert 0.00 035 000 054 000 241 | 43.00 7189 47.10 6131 20.73 48.83
UniXcoder 0.07 2756 1593 29.11 0.00 31.81| 67.84 85.06 5851 7531 5624 7345
CodeT5 0.65 2145 723 2350 000 13.57| 66.47 8434 5852 76.03 7087 8045
NatGen 0.00 1352 002 1595 001 28.76| 6747 8483 60.30 7684 71.73 81.39
CodeT5+ 0.02 724 0.12 987 000 1233| 6693 8445 59.57 7641 7529 82.92




Evaluation

» RQ.2 Backend code accuracy for new targets of existing types.
> Testset: (RISC-V (CPU), ARC (MPU), NVPTX (GPU)).
» Train/Validation set: Remainig data (90%:10%).
» CodeT5+ (220M) for fine-tuning, ChatGPT and Code-LLaMA for

Inferencing.

Stmt. Comp. Next. Sugg. Code. Gen.

Model RISC-V ARC NVPTX RISC-V ARC NVPTX RISC-V ARC NVPTX

EM (%) ED |[EM (%) ED [EM (%) ED [EM (%) ED |[EM (%) ED |[EM (%) ED |BLEU-4 ED |BLEU4 ED |BLEU4 ED
GCC

ChatGPT 10.34 38.41| 1535 4294 1201 4147 6.44 1290| 9.75 20.79| 797 17.79| 137 24.12] 1.67 28.26| 157 2697
Code-LLaMA 041 19.07| 085 16.77| 0.56 1822| 1.58 13.54| 2.66 17.95| 247 1659 1.67 27.89| 1.71 3049| 157 27.65
CodeT5+ 51.16 7532 5245 74.57| 50.56 75.52| 49.11 67.84| 38.26 59.21| 38.33 56.31| 32.56 58.67 19.94 50.27| 25.47 52.60

LLVM

ChatGPT 12.08 41.39| 16.77 42.02| 1473 43.72| 9.80 21.86| 10.81 20.66| 11.39 2282| 1.23 25.12| 130 27.19| 143 2545
Code-LLaMA 045 17.61| 061 1721 099 17.23| 1.75 15.04| 042 11.27| 242 16.25| 143 2724 1.61 32.12| 159 28.08
CodeT5+ 62.68 82.02 71.34 85.98| 6445 81.53| 48.71 68.95 58.68 74.57| 47.81 65.51| 50.34 7298 55.38 74.41| 44.33 66.36




Evaluation

» RQ.2 Code accuracy for new targets of existing types.
» Comparing with traditional method (Fork-Flow).
» Simulating Fork-Flow: Calculate the evaluation metrics between test

set functions and train/valid set functions.
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Evaluation

» RQ.2 Code accuracy for new targets of new types.
> Testset: (ARC (MPU), NVPTX (GPU)).
» Train/Validation set: CPU data (90%:10%).
» Fine-Tuning CodeT5+ (220M) from scratch.

Stmt. Comp. Next. Sugg. Code. Gen.
Dataset ARC (MPU) NVPTX (GPU) ARC (MPU) NVPTX (GPU) ARC (MPU) NVPTX (GPU)
EM (%) ED |EM (%) ED |EM (%) ED |EM (%) ED |BLEU-4 ED |BLEU-4 ED
GCC

-w/o GPU and MPU 50.53 74.09| 46.37 72.45| 3722 5821 | 3833 56.83| 19.29 49.12| 2246 50.33
-w GPU and MPU 5245 7457 | 5056 7552 | 3826 5921 | 3833 35631 | 1994 5027 2547 52.60
Diff -192 -048 | -419 -3.07 -1.04 -1.00| 0.00 +0.52| -0.65 -1.15| -3.01 -3.37

LLVM

-w/o GPU and MPU 69.82 85.59| 60.04 79.85| 58.26 73.75| 46.28 63.92| 49.62 70.26| 4294 65.43
-w GPU and MPU 7134 8598 | 64.45 81.53| 58.68 74.57| 47.81 655 | 5538 74.41| 4433 66.36
Diff -1.52 -039| 441 -168 -042 -082| -1.53 -1.58| -5.76 -415| -1.39 -0.93
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Evaluation

> RQ.3 Iterative Expansion Ability.

> Testset: (RISCY (Customized RISC-V Processor)).

> Train/Validation set:

> Set 1: CPU data (without RISC-V) (90%:10%).

> Set 2: CPU data (with RISC-V) (90%:10%).

» Fine-Tuning CodeT5+ (220M) from scratch.

o — Stmt-Level. Comp.  Next-Stmt. Sugg. Code. Gen.
EM (%) ED EM (%) ED BLEU-4 ED
-w RISC-V 74.06 87.91 67.25 81.28 79.46 89.92
-w/o RISC-V 66.16 83.79 37.29 74.73 54.41 75.41
Diff +7.90 +4.12 +9.96  +6.55 | +25.05 +14.51
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